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are, for primarily ethical reasons, unavailable in
environmental health. The Navigation Guide
was ¢ melupcd to bridge this gap berween
clinical and environmental health sciences. The

BackorOUND: In contrast to cutrent methods of expert-based narrative review, the Navigaton
Guide is a systematic and transparent method for synthesizing environmental health research
from muldple evidence streams. The Navigation Guide was developed o effectively and efficiently

weansate the available scientific evidence into timely prevention-oriented acton.

Osypcrives: We applied the N

Javigation Guide systematic review method 10 answer the question

“Does fetal developmental exposure to perfluoreoctanoic acid (PFOA} or its salts affect fetal growth in
animals ?” and to rate the strength of the experimental animal evidence.

MerHoDs: We conducted a comprehensive search of the literature, applied prespecified ciiteria to the

search resules to identify relevant studies, extracted data from studies, obtained ac

iditional information

from study authors, conducted meta-analyses, and rated the overall quality and strength of the evidence.

Resurts: Twenty-one studies met the inclusion ctiteria. From the meta-

analvsis of eight mouse

gavage dara sets, we estimated thar exposiee of pregnant mice 1o increasing concentrations of PFOA

was associated with a change in mean pup birth weight of -0.023

g (95% Cl: -0.029, -0.016) per

1-uait increase in dose {milligrams per kilogram body weight per day). The evidence, consisting of
15 mammalian and 6 nonmammalian studies, was rated as “moderate” and “low” quality, respectively.

ConcLusion: Based on this Best application of the Navigation Guide methodology, we found
suflicient evidence that fetal developmental exposure to PPOA reduces fetal growth in animals.

Crrarion: Koustas E, Lam |, Sutton P, Johnson PI, Awchley I35, Sen 5, Robinson KA, Axelrad DA,
Woodruff T]. 2014. The Navigation Guide—evidence-based medicine meets environmental
bealth: systematic review of nonhuman evidence for PFOA effects on fetal growth. Environ Health

Perspect 122:1015-1027; bup://dx.doiorg/10.1289/ehp.1307177

Introduction

E{lm'%g‘mzmd In clinical research, systenatic
reviews have played a n'msfozm'atwe ole as a
transparent, robust method for synthesizing
the available evidence for incorporation into
more efficient guidelines and recommenda-
tions related to medical interventions. Whereas

systematic review methodology has been
devdopcg, and tested in the clinical sciences for
making evidence-based decisions for medical
interventions, the methods are not fully
transferable to environmental health science,
largely because of their primary application to
randomized controlled clinical trials, which

methodology provides the capacity to system-
atically and transparently evaluate the quality
and strength of evidence from both human and
nonhuman streams of evidence about the rela-
tiors}lip berween the environument and repro-
ductive and developmental health (Woodruft
and Sutton 2014; Woodruff er al. 201 1a).

To test and refine the Navigation Guide
systematic review methodology, we applied
it to the evaluation of -ﬁxp-ﬁrimﬁma] animal
evidence for the effects of exposure to the
environmental contaminant perflucrooctancic
acid (PFOA} on fetal growth. The results of
applying the method to the human evidence
and integrating the animal and human data
into an -:Jverarching strength of evidence
rating are presented elsewhere (Johnson et al.
2014 Lam ecal. 2014).

Rationale for selecting PFOA.
Environmental exposures to the industrial
chemical PFOA are widespread, and PFOA
has been detected in the blood of > 95% of the
U.S. population [Agency for Toxic Substances
and Disease Registry (ATSDR) 2009; Centers
for Disease Control and Prevention (CD(C)
2009; Kato et al. 2011; U.S. Environmental
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Protection Agency (EPA) 2009] and in blood
samples tl;rox,ghout the world {Kannan et al.
2004; U.S. EPA 2009). Voluntary efforts by
eight major manufacturers of PFOA to elimi-
nate global emissions and prodect content by
the end of 2015 are ongoing, and signiﬁcam
progress has been made for both U8, and
non-U.8. operations (U.S. EPA 2008, 2012,
20132}, However, PFOA can remain in the
environment, and with a halflife in bumans
of appmx]mamly 3.5 years {Olsen et al. 2007),
the chemical will persist in people for years to
come {1J.5. FPA 2013b, 2014),

Petal exposure to PFOA may be wide-
spread because the chemical is ubiquitous in
the blood of pregnant women and women of
child-bearing age and in cord blood (Apelberg
et al. 2007a; Calafar et al. 20 )7 Fei et al.
2007; Midasch et al. 2607; Mondal et al.
2012; Monroy et al. ZO(}S; Woodruff et al.
2011b). The association between PFOA and
f‘étal growth reported in individual human
studies has been inconsistent, with some
reporting statistically significant associations
between prenatal exposure to PFOA and
restricted fetal growth (Apelberg et al. 2007h;
Fei et al. 2007, 2008) and others reporting
no or nonstatistically significant associations
{(Hamm et al. 2010; Monrc y et al. 2008;
Washino et al. 2009). The animal lireratare
also includes reports of inconsistent asso-
ciations between PFOA and fetal growth,
including findings of reduced birth weight
following prenatal exposare to PFOA in
rodents (Butenhoff et al. 2004; Hines et al.
2009; Lau et al. 2004, 2006).

Ubiquitous exposure to a chemical that
lacks evidence of nontoxicity is a potential
pubiic healeh concern; moreover, PFOA has
been associated with adverse impacts on the
quality and duration of the gestation pericd—
one of the most important indicators of an
infant’s health and survival {Gluckman and
Hanson 2006; Institute of Medicine 2007).
Given the potential concern for an adverse
developmental health outcome of public
health importance and the availability of
data, we selected PFOA to test and refine the
MNavigation Guide method.

Methods

We assembled a review team to include experts
in the fields of risk assessment, environmental
health, epid(—:miolc;g}x biology, systermatic
review, and toxicology to develop a protocol
that covered the first three steps of the
Navigation Guide systematic review method:
1} Specify the study question; 2} select the
evidence; and 3} rate the quality and strength
of the evidence (Koustas et al. 2013). Fach
of the steps of the Navigation Guide method
described below involves application of
standardized and transparent documenta-
tion, including expert judgment. Additional
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information regarding the Navigation Guide
methodology is available elsewhere (Woodrff
and Suatcon 2014).

Step 1. Specify the Study Question

QOur ohijective was to answer the question:
“Does fetal developmental exposure to PFOA
or its sales affect fetal growth in animals?”
PICO (participants, interventions, comparator,
and outcomes) is an aid used to formulate an
answerable question in a systematic review and
to provide more speciﬁc information about
the scope of the review {O’'Connor et al,
2011). Because we were evaluating environ-
mental exposures, we used the acronym PECO
{i.e., participants, exposure, comparator,
and outcomes).

Participants. Animals were from
nonhuman species studied daring the
reproductive/developmental time period
(before and/or during pregrancy for females
or during dewe]opment for embryos).

Exposure. Exposure included one or more
oral, subcutaneous, or other treatment{s) of
any dosage of PFOA (CAS# 335-67-1) or
its salts during the time before pregnancy
and/or during pregnancy for females or
directdy to embryos.

Cemparator. Experimental animals
receiving different doses of PFOA or vehicle-
only treatment were used for comparisons.

Cutcomes. The outcomes examined
for mammalian species were fetal weight
near term (e.g., embryonic day 18 for mice
and embryonic day 21 for rats) or at birth,
and/or other measures of size near term or
at birth, such as length. For nonmammalian
species, outcomes were weight and/or other
measures of size in late stages of r:mbiyonic
development.

Step 2. Select the Evidence

Search methods. Our search was developed
by analyzing the Medical Subject Headings
{(MeSH) and other terms from the title
and abstract text of a group of seven papers
known to us, judged to be relevant to our
study question, and which represented
different journals and vears of publication
(Abbott et al. 2007, Bu‘rﬁnhoff et al. 2004;
Hines et al. 2009; Lau et al, 2006; Staples
et al. 1984; White et al. 2\;{),, 40&;‘9). A list
of common and unique terms was compiled
and incorporated into a search strategy to
address the exposure (PFOA) and outcomes
of interest (reproduceive/developmental
toxicity), as defined in the PECO statement
(see Supplemenu Material, Tables S1, 52).
To develop search terms to retrieve experi-
mental animal studies, we adapted a search
filter developed by Hooljmans et al. {2010b).
We searched PubMed (http://www.nehi.
alm.nih.gov/pubmed) and Web of Science
{(http://apps.webofknowledge.com/} on
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3 Fr:bmary 2012. Using PFOA terms, we
searched 35 toxicological databases berween
23 January and & February 2012, Our search
was not limited by language or publica-
tion date. We hand searched the reference
list of all included studies and searched for
publications citing the included stodies. We
also consulted with a subject matter expert
{C. Lau, U.S. EPA).

Data collection and management. We
imported or manually entered all retrieved
records into EndNote X4 reference manage-
ment software (http://thomsonreuters.com/
endnote/), and each record was assigned
a source identification number, which was
used to track individual studies throughout
the course of the review. Two authors (E.K.
and J.L.) independently screened the ritles
and abstracts of each record retrieved to
identify those meeting our inclusion criteria
using DistillerSR (Evidence Partners; httpi//
www.systemaucwremew,net} We developed
inclusion and exclusion criteria based on our
PECO statement. All studies that compared
experimental animals exposed to one or
more doses of PFOA during reproductive or
developmental periods with untreated control
experimental animals were eligible for inclu-
sion. We excluded studies if one or more of
the follc;wing criteria were met: the article did
not contain original data {i.e., review article);
stud v subjmts were not animals; PFOA was
not administered to study subjects; and PFOA
was not administered during the reproductive/
developmental time period. Two authors
(F.K. and J.1.) assessed the full text of studies
that could not be excluded based on screening
of the title and abstract. Potentially relevant
non-English articles were translated to deter-
mine eligibility. To provide quality control,
a third author (P.I.].} screened the title and
abstract of 5% of the search results and 5%
or five articles—whichever was greater—of
the search results eligible for full rext. We
considered studies that described more than
one experiment of cutcome measure as
separate data sets.

Two authors (E.K. and J.L.) inde-
pendently extracted data relating to study
characteristics and outcome measures from
all included articles into a Microsoft Access
2007 database. The list of extracted study
characreristics was based on a compilation of
pra‘:viously publisbed checklists and criteria
{Guyate et al. 2011; Higgins and Deeks
2011; Hooljmans et al. 2010a; Kﬂkenny
et al. 2010).

One author (B.K.) performed data entry
of the raw outcome data using Microsoft Fxcel
2007, and a second author (ID.5.A.) verified
all values. We contacted study authors when
additional information was required for
p{:rforming statistical anaiysis and/or analysis
of the full data set. For example, we requested
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numerical estimates associated with figures
presented in published articles, numbers of
animals allocated to various test groups, and
raw data values. In some cases, fetal growth
data were not presented in the published
studdy because the outcome was not of primary
interest to the study authors. If there was a
reason to believe the study authors may have
measured fetal growth, we contacted them
to obtain any data they may have collected
during the course of the study. We also
contacted all study authors to inform them of
our systematic review and to verify values used
in both the meta-analysis and analysis of the
full data set.

Statistical analyses. Two authors (E.K.
and J.1..} assessed stady characteristics from
all included articles for comparability (ie.,
study features and biological heterogeneity)
to determine which studies were suitable for
meta-analysis. We consulted experts in the
field of PFOA toxicity, toxicological study
design, or human/animal toxicity reviews to
develop these characteristics and their associ-
ated heterogeneity concerns beforehand. For
example, we considered the differences in
PFOA clearance rates berween female mice
{approsimately 17 days} and rats 24 hr) as
a potential biological heterogeneity concern
{Lau et al. 2007).

From the assessment of specified charac-
teristics, we determined that oniy a subset of
data was combinable in a meta-analysis. This
subset of seven studies {eight data sets) had
the following characteristics:

* Species: mouse
» Route of exposure: gavage
» Method of cutcome measurement: weight
* Time point of cutcome measurement: at or
soon after birth.
We used the mean {+ SE} pup body weight
at birth from each of the eight data sets for
all PFOA doses < 5 mg/kg body weight
{mg/kg BW)/day. We limited the dose range
in order to focus on effects at lower tested
doses and to minimize adverse impacts from
responses at higher doses (such as litter loss)
on the overall estimate. We used a two-step
modeling approach. In the first step, we
analyzed each data set separately using a
linear mixed-effects model, and we obtained
a slope estimate of the dose-response effect
{and the associated SE). In the second step,
we combined the slope and SE estimate from
each data set using a random-effects model.

The result was an estimate of the overall
mean change in body weight per offspring
for a l-unit increase in mg/kg BW/day
dose, accounting for within- and between-
study variability. We used the program-
ming environment R, version 2.13.1 (R
Ei)evei@pmenr Core Team; http://www.R—
project.org/) and its standard packages. We
used the metafor package in R (Viechtbauer

Systematic review of PFOA and

2010) for conducting ocur random effects
meta-analysis.

To visually assess the possibility of
publicatic_m bias in a mﬁta—anaiysis, wWe
considered producing a funnel plot of the
estimated effects. However, tests for funnel
plot asymmetry are not recommended when
there are < 10 studies because test power
is usually too low to distinguish chance
from real asymmetry (Sterne et al. 2011a).
Because our meta—analysis was limited o
7 studies (8 data sets), we did not produce a
funnel plot.

Statistical hetevogeneity assessment.
We sought to assess whether differences in
estimated effect sizes among studies were
consistent with random variation versus
nonrandom heterogeneity among the studies.
We estimated the between-study
component and tested the null hypothesis
that the between-study variability was absent
using Cochran’s (Q statistic. The test statistic
follows a chi—squarﬁ distribution with # — 1
degrees of freedom, where » is the number
of studies. We considered p < 0.05 statisti-
cally significant. We also calculated the Iz
statistic, which estimates the percentage of
variation across studies due to hﬁterogeneity
rather than chance (Higgins et al. 2003), and
used the Cochrane Collaboration’s guidelines
to interpret the statistic, where a value of
> 50% may indicate substantial hererogeneity
(Deeks et al. 2011). To assess the overall
tmpact of existing study hetemgeneity on the
meta-analysis, we considered the magnitude/
direction of effect estimates, the 7 statistic,
and the p«valm from the Cochran’s s € test

Seusitivity analysis. We pecfor m-‘:.d
sensitivity analyses using subgroup analyses
based on characteristics described above that
were used to determine comparability across
studies for the meta-analysis. To evaluarte
the influence of each individual study on the
main m{:m«;amaiysis resules and assist in iden-
tifying any study characteristics that might be
influential in the final results, we perﬁrmed a
sensitivity analysis by removing one data set
at a time from the meta—arzalysis.

Analysis of the full data set. We analyzed
all included animal studies identified via our
search and exclusion/inclusion assessment
to assess the tomlirv of all available animal
evidence. This was done to maximize use
of all data, in addition to those determined
appropriate to combine in the metawanalysi&
To assess results from the full data set, we
calculated the percentage change in outcome
{(weight or length) compared with the control
group for each tested dose group for each of
the data sets and used these values to create
scatter plots. Two of the nonmammalian
studies reported outcome measurements at
multiple time points during larval develop-
ment (Spachmo and Arokwe 2012; Wang

variance
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fetal growth

et al. 2010). We selected the outcome
measurement reported at the latest time point
during the larval stage, based on justification
that this allowed for consideration of maximal
srowth. For each stady, we used the
mean and SE estimates reported by authors
to calculate a 95% confidence interval (CI)
for the difference in means comparing cach
treatment group with the control group.
We interpreted a 95% CI that overlapped
Zero as indicating no staristicaﬂy signiﬁcanr
difference between the mean weight in that
treatment group with the mean Wr:igbt in the
control group.

faryal

Step 3. Rate the Quality and Strength
of the Evidence

To rate the evidence, we 2) determined the
risk of bias for individual studies based on
seven domains; &) rated the overall guality
across all studies in the body of endcm-‘:
based on five factors, mdudtrw rislk of bias;
and ¢} rated the overall srrﬁnorh of evidence
across all studies in the Lody of evidence
based on four considerations, including the
quality of the body of evidence (Figure 1).

Assessment of risk of bias. Two authors
(E.K. and ].L.} assessed risk of bias defined as
characteristics of a study that can introduce

systematic errof in the magnitude or direc-
tion of the results of the study (Higgins et al.
2011} for included studies based on seven risk
of bias domains using modified terminology
and concepts in the Cochrane Collaboration’s
Tool for Assessing Risk of Bias. Informed by
empirical data from meta-analyses conducted
on pharmacological treatments (Roseman
et al. 2011}, we considered funding source
and reported conflicts of interest to be poten-
tial sources of bias. We did not ask study
authors for additional information to inform
our risk of bias determinations. However, if
study authors mentioned study design details
in their responses to our requests for data,
we considered the information while evalu-
ating risk of bias. See Table 1 for a summary
of the risk of bias domains assessed for
each included study (see also Supplemental
Material, “Instructions for ma}{ing risk of bias
determinations”).

Rate the guality and strength of the body
of evidence. Upon completion of the data
analysis, each of the nine review anthors
compared the results of the systematic review
to the Navigation Guide factors and considera-
tions for rating the quality and strength of the
nonhuman evidence. The Navigation Guide
rating method (Woodruff et ai. 2011a) was
applied according to explicit written directions
{Koustas et al. 2013). Because of fundamental
biological differences between mammalian and
nonmammalian model systems, we evaluated
the mammalian and nonmammalian studies as
separate bodies of evidence.
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The possible ratings for the overall
quality of the body of evidence were “high.”
“moderate,” and “low.” These quality ratings
were determined by assigning an initial
rating according to the type of study, and
then downgrading the rating if factors that
decrease the quality level of the studies were
present, The initial quality rating assigned to
both the mammalian and nenmammalian
bodies of evidence was “high.” comparable
to the rating assigned to human experi-
mental studies [i.e., randomized controlled
trials (RCT's}] in systematic review methods
used in the clinical sciences. An initial “high”
quality fating for e}(perimenml animal stadies
was supported by the level of study control

exercised in such studies and the limited
hetﬁmgﬁnﬁity within an exp-ﬁrimenrai animal
study poplﬂation. This is also consistent with
Grading of Recommendations Assessment,
Development and Evaluation (GRADE)
guidelines for clinical evidence that consider
randomization a key determinant of a “high”
grade (Guyate et al. 2011}, Upgrades to the
\mhtv rating for experimental animal data
were not considered because the initial quality
level was “high.”

The cverall body of evidence was evaluated
for downgrading based on the presence of five
factors (Figure 1)

1. Risk of bias across studies: a substantial risk
of bias existed across the body of evidence.

Risk of hias

Risk of bias is determired for
sach individual study.

Quality of evidence

Cuality is f”‘ed actoss all

gf”dﬂdl -1 or -2}
cording to factors.

Strength of svidence

Strength is rated across g#
studies. The final d
represent the tevel of certainty
of toxicity.

Domains Factors
Seguence generation

Allecation cencealment

®

®

Incompigie sutcoms data
Selective reporting
finterest

Other hias

°«

imprecision
Puplic

@

s

Determinations
{for each risk of bias domain)
e Lowr

Rating

114

« Prabably low risk
s Probably highrisk
» High risk

indirectness
ingonsistency

atian bias

{hased on all guality factors)

uality

Considerations

Risk of bias across studies * Quatity of body of evidence

* Direction of effect astimatas
e Confidence in effect estimat

tH. o
certainty

Rating
{based o all strength
considerations)
Sufficient evidence
imited evidence
Inadequate svidence
Evidence of fack oft

Figure 1. Flowchart for evaluating risk of bias, quality of evidence, and strength of evidence.

Tabile 1. Tool for assessing risk of bias.

2. Indirectness: Evidence was not direc
comparable to the question of interest (i.e.,
population, exposure, comparator, and/or
outcome). Beforehand, we decided not to
downgrade experimental animal studies
for indirectniess because studies find that
humans are as sensitive or more sensi-
tive to chemical eXposures than animals,
strengthening the applicability of findings
from experimental animal studies to human
health outcomes (Kimmel et al. 1984;
U.5. EPA 1996). However, in applying
GRADE principles to the Navigation
Guide, evidence would be rated down if the
animal model was determined to be biologi-
cally inappropriate for the health cutcome
under study.

3 Inconsistency: Estimates of effect were
widely different (heterogeneity or variability
in results).

4. Imprecision: Studies had few participants
and few events (wide Cls).

3. Publication bias: Studies were missing from
the ’Uody of evidence, resulting in an over-
estimate or underestimate of true effects
from exposure.

According to GRADE, these five factors

address nearly all issues that bear on the

quality of evidence (Balshem et al. 2011).

Fach of the nine review authors reviewed the

body of evidence and appfied their expert

judgment to independendy and transparently
grade the quality of evidence based on the
presence of the five objective factors using

detailed instructions {(Koustas et al. 2013},

Possible ratings were 0 (no chdr‘ge from

“high” quality}, ~1 (one-level downgrade to

“moderate” quality) or -2 {(two-level down-

grade to “low” quality). Consistent with

GRADE’s appzmd to evaluating risk of bias

across studies (Guyatt et al. 231 1), authors

tly

Domain

bias rating

Sequance generation

Allocation concealment

Study authors reported tf

which animals were aliocata

3T & random component in the

ailocated.

of sequentially num

ement by study author that animals were randomly

s or animals,

idy and for ouicome assessment

inthes

of masked identifiers

Blinding Study authors reported that personnel and ouicome assessors L
nted from knowledge of the allocated
i A\
Y
por ted when and why parli

outcome data

Incomplets Stur,y au?ho 3 2 of ani

¢ experimental groups w

study. foliow up offspring {for mamma
© number of organisms a
nanmammalian stu
The study’s praspecifi The number of animals or [elis:
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were instructed to be ¢ 0115mevc in mﬂﬂng
judgments to downgrade the ev ce for all
factors (i.e., high confidence of substantial
concerns with the body of evidence before
rating down). Authors reviewed the body
of evidence as a way to initiate the group
discussion and gather all perspectives for
consideration. After independently evalu-
ating the quality of the evidence, all authors
discussed their evaluations. The discussion
berween coauthors was extensive and itera-
tive and was carried out over several meetings
until a consensus was reached. These collec-
tive decisions did not involve a “majority
vote” or other tallying of perspectives. It was
prespc‘dﬁﬁd that discrepancies between review
authors that could not be resclved through
consensas would be resolved by the senior
author (T.J.W.). However, for this case study,
review authors were able to agree on a collec-
tive consensus for each rating and the arbiter
was not necessary. 1he rationale for each
collective decision on each of the five factors
was recorded.

In systematic reviews in the <linical
sciences, rating the qua},ity of evidence is the
final step because only one stream of evidence
is considered in a decision. However, given
that our purpose was to ultimately integrate
the strength of multiple streams of evidence
used in environmental health decision making
(i.e., toxicology and epidemiology) leading
to a concise “bottom fine” statement abour
a chemical’s toxicity that brings all of the
relevant evidence to bear, the Navigation
Guide systematic review method specifies
itional step: moving from quaiity of
evidence to strength of evidence.

We rated the overall strength of the
evidence based on a combination of four
considerations: 4) quality of the body of

an &

Systematic review of PFOA

evidence, &) direction of effect estimates,
¢} confidence in effect estimates (likelihood that
a new seady would change our conriusion).
and & other compelling attributes of the data
that may influence certainty (Figure 1). The
results of rating the strength of the nonhuman
evidence were compared with the definidons
specified in the Navigation Guide for “suffi-
cient” evidence of toxicity; “limited” evidence
of toxicity; “inadequate” evidence of toxicity;
or “evidence of lack of toxicity” (Table 2},
which were based on criteria in use by the
International Agency for Research on Camer
(IARC 2006) and the U.S. EPA (1991, 1996).
The procedure for rating the strength of the
evidence was similar to rating the quality of
evidence: All review authors independently
evaluated the strength of the evidence according
to the same four considerations, and then
they compared their evaluations, resolved any
discrepancies through discussion, and recorded
the rationale for every collective decision.

Hesults
Included Studies

Of the 2,049 unique records we identified
(see ‘abpplcm-‘:rt'ﬂ Material, Table 83 for
the total number of hits retrieved from each
database), 1,982 were excluded through rite
and abstract screening and 46 articles were
excluded during full-text review, resulting in
21 studies describing 32 data sets included in
the review (Figure 2). A summary of mamma-
lian and nonmammalian study characteristics
are provided in Tables 3 and 4, respectively.
Detailed characteristics of each mammalian
and nonmammalian study are provided in
Supplemental Material, Tables 54-18 and
Tables S19-824, respectively. Various
details of outcome data and study design

Takie 2. Strength of evidence definitions for nonhuman studies.?

and f

tal growth

characteristics necessary for data analysis were
missing from all 21 articles. In some cases,
published articles did not include details
needed for our analysis, such as numerical
outcome measurements or data on feral
growth, if this was not a primary cutcome
of interest for study authors. In other cases
basic information, such as allocation numbers
or the number of animals weighed to obtain
given outcome values, was missing. Our
efforts to contact study authors resulted in
obtaining additional data for 18 of the
21 incloded studies, along with raw dara in
many instances {see Suppl-ﬁmﬁntaﬁ Material,
Tables 54--524).

Papuhﬁmzs. Of the 21 studies, 15 were
conducted on mammalian species {11 mouse
and 4 rat) and 6 sméies were conducted on
nonmammalian species {3 chicken, 1 fruit fly,
1 zebrafish, and 1 salmon) (Tables 3 and 4).

Mammalian exposures. For all 15
mammalian studies, pregnant female dams
were €XPOS€d to PFOA, and fetal gmwth Was
measured in the resuldng progeny {Table 3).
The primary route of exposure was oral
gavage (13 studies), but some studies also
evaluated exposures via inhalation, food,
and water. Most of the mammalian studies
{12) exposed dams to the ammoniam sale
form of PFOA (CAS# 3825-26-1), 1 study
exposed dams to the free acid form (CAS«

35-67-1), and 2 studies did not specify the
ﬁvrm used for exposure. The dose range tested
varied widely across studies, ranging from
0.01 to 100 mglkg BW/day. Inhalation study
doses ranged between 0.1 and 25 mg/m?.
The number of PFOA doses administered
per study ranged from one to six. Although
dams in all studies were exposed to PFOA
at some point during their pregnancy, the
window of exposure varied across studies

A positive relationsh

Limited evidence of toxicity

body of avide
istency of
e m.ay be

Inadequate svidence of Loxicily

Evidence of lack of Toxicity

S “csuvpd et
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d te the >pLL!3>, age at ¢
its of future studies.®
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erse effacts at doses that wer
anisms, or known properties cherr
osure, and/or other cenditions and levels of

#The Nawgation Guide rates the quality and strength of avidence of human an i nm‘l"m"af\ Pviderce s*r@am separately as "sufficient,” “limited,” "inadeguate,”
these two ratings are combined to produce ane o
i used by IARC to Lategc,n’e tt 2ca

i i ions 'n‘tI"P rat ng «,atpq
HE’Q(‘ ding Net Benefit
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fr?m a single gavage exposare on a single day
of pregnancy to exposure prior to conception
that continued throughout pregnancy.

Mawmmalian compavators. Fleven gavage
studies used warer as a vehicle control and
two used corn oil (Table 3}, The inhalation
study utilized three control groups: in-house
air -:Jnly, in-house air pairffr:d 10 mg/'mj
PFOA, and in-house air pair-fed 25 mg/m3
PFOA (Staples et al. 1984). The PFOA-
treated food study (Onishchenko et al. 2011)
used ethanol-treated food as a control, and
the PFOA-treated warer study (Hu et al.
2010) used untreated water as a control.
Other than PFOA exposure, all control groups
were treated similarly to dose groups for
each data set.

Mammalian outcomes. Body weight
was used as the outcome measure for all
15 mammalian studies (Table 3). Because
pregnant dams were exposed to PFOA for
all mammalian studies, the litter was used as
the statistical unit; the total number analyzed
across studies ranged from 8 to 183 litters.

The time point of Weight measurement
varied between fetal time points near term,
typically gestation day (GD) 18 for imice and
GD21 for rats, to at or near the time of birth,
typically postnatal day (PND) 0 o PND2.
The methods used to monitor parturition
varied widely across birth weight seudies,
from constant monitoring to daily cage

checks. PND1 was defined as either the day
of birth or the day after birth.

The method of weight measurement
varied across studies as well, from weighing
offspring individually, grouped by litter,
or grouped by sex, to weighing a subset of
offspring from each Hecer. Offspring survival
was statistically significantly reduced (based
on the alpha level specified by study authors,
generally < 0.05 or £ 0.03) at exposure tc
doses > 5 mglkg BW/day in five studies; one
study did not provide statistics or comment
on litter sizes at birch.

Mammalian visk of bias assessment. On
the basis of our risk of bias assessment, we
concluded that the majority of studies had
“probably high” risk of bias for allocation
concealment and blinding, and “probably
low” risk of bias for incomplete outcome data
and selective reporting. Ratings for sequence
generation and conflict of interest were mixed
across studies, and ranged from low o high
risk of bias. All studies had low risk of bias
for the “other bias” domain (Figure 34,B).
See Supplemr:ntai Material, Tables 525539,
for details on the risk of bias results for each
mammalian study,

Nonmammalian exposures. Developing
embryos were directly exposed to PFOA in
all six nonmammalian studies (Table 4).
Routes of administration varied based on
test species: injection of PFOA solution

2,767 records identified
through database searching

§2 records identified through hand
searching {snowball searching)

!

204% records after
duplicates removed

L

2,049 abstracts screened l—a» ‘

1,982 records excluded

87 full-text articles assessad
for eligibility

45 full-text articles excluded:
= Duplicate data published in separate included study (23}
& No measuremert or ineligible measuremernt
of fatal growth {18}
« No PFOA exposure or ineligible exposure regimen (5}
e No original data {1}
 Preliminary abstract {unable to obtain data} {1}

J,

21 studies {32 separate data sots)
included in gualitative synthesis

l

7 studies {8 separate data sefs} included
in quantitative analysis {mata-analysis)

Figure 2. Flowchart of the study-selaction process.
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into eggs for chickens, immersion of eggs
in PEOA solution for zebrafish and salmon,
and PFOA-treated food for fruit flies. One
study exposed organisms to the ammoniom
salt form of PFOA (CAS#3825-26-1), two
studies exposed organisms to the free acid
form of PFOA ((CAS#335-67-1), and three
studies did not specify the form of PFOA.
“The dose ranges across studies varied based on
animal species tested: chicken {0.01-10 mg/kg
egg), zebrafish (15-250 mg/l. water), fruit fly
{160-500 pM in food), and salmen (100 pg/L
water). The number of PFOA doses adminis-
tered per study ranged from one to eight.

In all nonmammalian studies, embryos
were exposed during development, and the
time period of exposure varied based on
species. For the chicken studies, a single injec-
tion of PFOA was administered to eggs on
incubation day 0; for zebrafish studies, eggs
were exposed from 60 min after spawning to
120 hours post fertilization (hpf‘); for salmon
studies, eggs and larvae were exposed to
PFOA-containing water for 48 days; for fruit
fly studies, female flies were placed in vials
with PFOA-containing food and allowed 1o
tay eggs for a period of 2 hr, and eggs were
allowed to hatch and develop through 110 hr
after egg laving (ael) or to the white pupae
stage, depending on data set.

Nenmammalian comparators. Chicken
studies used saline, dimethyl sulfoxide
{DMSO), or sunflower oil as vehicle controls,
and some studies included an uninjected
control (Table 4). The zebrafish study used
water as a vehicle contrel, the fruit fly study
used untreated food as a vehicle control, and
the salmon study used water with carrier
solvent {methanol} as a vehicle control.
Besides PFOA exposure, all control groups
were treated similarly to dose groups for
each data set.

Nonmammalian outcomes. Relevant
outcome nieasures varied across nonmamma-
lian studies and included length, weight, and
farval volume (calculated from measurements
of length and diameter) (Table 4). Because
embryos were directly exposed to PFOA in the
nonmammalian model systeins, the embryo
was used as the unit of statistical analysis, and
the total number of embryos analyzed across
studies varied between 37 and 378.

The time points of outcome measurement
varied: from shc;rﬂy before time of hatcbing,
shortly after haeching, and multiple time
points during larval development,

PFOA exposure delayed hatching and
larval emergence in the zebrafish and fruit fiy
studies and induced mortality in the zebra-
fish study and in one chicken study. Pipping
success (i.e., when a chick breaks its shell} and
the developmental stage at embryo death were
unaffected by PFOA exposure in one chicken
study, whereas in a second chicken study,
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Takie 3. Summary of mammalian study characteristics.

Time point PF”A dose
of outcome  Outcome B of ange (mg/kg No Ne. of nis) excludad from
Saource [source 1D] Species  measurement measurs BXPOSUTE 8\/‘ fidayle  admi litters reta-anaiysis
Studies used in meta-analysi
Hines et al. 2009 [260] Mouse Birth 1015 5 75 NA
White ef al, 2009 [312] Mouse Birth 5 1 8 NA
Abbott et al. 2007 [528] Mouse Birth 0.1 4 58 NA
White et al. 2007 [3%6 Mouse Birth 5 1 37 NA
uDoh 17
Mouse Birth Gavage GDs =17 5 Z 87 NA
Mause Birth Gavage GDs 7-17 570 Z 56 NA
GDs 1017
GDs 13-17
GDs 1517
Mause Birth Gavage GDs 117 |2 5 103 NA
"Muuse Birth Waight  Gavage GE0s =17 -5 2 & NA
Mouse Birth Weight  Drinking GDs 617 G.05-1 Z 30 Incomparable route of exposiure
waler
Mause Fetal Weight  Gavage GDs 0-17 1-10 3 2% Incomparable time point of
culcome measurament
Yahiz et al. 2010 [163] Maouse Birth Weight  Gavage G0s 0-18 110 3 20 Time point of birth weight
measurement was not specified
Fanton et al. 2009 {264 Mousa Fatal Weight  Gavage GD17 0.1-5 3 19 Incomparable time point of
gutcoms measurement
Fenton et al. 2009 [264] Mouse Birth Weight  Gavage G017 0.1-5 3 19 Dams were exg for onily
1 day of pregnancy
Lau et al. 2006 635k Mouse Fetal We Gavage GDs 1-17 1-40 B 183 1 i i
Hat Birth Weigh Gavage GDs 4-21 3-30 3 20
Rat Fetal Weight  Gavage G0s 5-15 100 1 46
nro oui OME Measy 'npm
Staples et al. 1984 {1871} Rat Fatal Weight Inhalation z0s 615 4 103 nparabim apeuieo ruute of
rement
Staples et al. 1984 ='187"’ Rat Birth z0s 615 100 1 21 .nparabia species
Staples et al. 193 Aat Birth GDs 615 Z 4 5 mparable species and route
of expo
charg et al. 2008 [3061] Hat Fetal GDs 7-20/21 1 1 Incomparable species and time
int of outcome measurement
Onishchenko et al. 2011 [3610]  Mouse Birth Food G0s 120 0.3 1 15 mparable route of exposure
York 2002 (5122} Rat Birth (Gavage 70days 1-30 4 141 Incomparable species
breeding thro

lactaticn

G0, gestation day

2 dose range is limited to those doses far which dams were analyzed. %Excludes control groups, study used on
fhrtl‘ weight data wers incluged in meta-analysis; fefal data were excluded from meta-analysis). fHinderiter { }is a peer-reviewed publication; the
try report with detailed data (Mylchreest 2003). #Included three control groups. Vork {2002} is an industry report; the s also identified peer-reviewsd journal
describing findings from the report (Butenhioff ot al. 2004 York et al. 2010, but these journal publications were excluded as duplicatas bacause the report provided raw data.

sontrot group unless otherwise specifi

Route of No. of doses  No. of

Species BXPOSt Period of exposure  PFOA dose range  administered? offspring

Hagenaars et al. 2011 {59}  Zebwafish 120 hpf {posthatching) £gg immersion G 8 297
Wang &t al. 2010 Fruitfly 30,48, 72, 96, and 110 asl Food 100-500 pi 2 378

{tarval stages)

Wang et al. 2010 {86} Fruit fiy  Pupas Weight Food 160-500 pit 2 g6
Pinkas et al. 2010 [187] Chicken  Hatchiing Waight Egy injsction 5-10 mg/kg eay 2 52
D'Brien et al. 2008 [236] Chicken ipping star or Weight Egg injection 0.01-10 mg/kg eqg 4¢ 37

2, whichever came first
Jiang et al. 2012 {3926} Chicken  Embrycnic day 19 ody Egu injection 0.5-2 mg/kg eqy 2¢ 4G
diang et al. 2012 {3926} Chicken 1624 hr posthat Egg injection 8 (.52 my/kyg ey 20 58
rowi incubation day 0
to rump length
Salmor ul, (13% /1 1and dry gimmersion  Egg stage, day 48 100 pg/i 1 80

Abbreviaticns: ael, hours after egg laying; hpf, hours postf
Atxciudes contrel groups; study used one control group unless ot herwxw specified. ®Length measurements providad by study suthor {used to caiculate volume cutcome reported in
studyl. ®included two contrr! graups.
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embryonic mor[aﬂity was increased but hatch-
ling mortality and hatching success were not
affeceed. The salmon study did not provide
details on larval survival rates.

Neumammalian visk of bias assessment.
On the basis of our risk of bias assessment,
we found that the majority of studies had
probably high risk of bias for sequence
generation, allocation concealment, and
blinding, and probably low risk of bias for
selective reporting. Ratings for incomplﬁrﬁ
cutcome data were mixed across studies, and
rang(—:d from low to high risk of bias. Finaﬂy,
all studies had probably low or low risk of
bias for conflict of interest and low risk of bias
for the “other bias” domain (Figure 3A,B).
See Supplemental Material, Tables 540-543,
for derails of the risk of bias results for each
nonmammalian study.

Impact of PFOA on Fetal Growth

Analysis. Across the eight data sets determined
to be combinable in the mﬁta—anaiysis, gavage
EXPOSUTE of pregnant mice to increasing
concentrations of PFOA was associated with
a decrease in birth weight. The combined
estimate from the meta-analysis was a change
in mean pup birth Vvﬁigh'( of -0.023 4
{(95% Cl: -0.029, -0.016} per 1-unit increase
in dose {mg/ky BW/day) (Figure 4). The P
test statistic was calculated to be 0%, indi-
cating no observed heterogeneity between
studies that could not be explained by chance;

Source [source ID]

this conclusion was further supported by the
Q statistic, which produced a nonsignificant
pvalue of 0.73.

From the sensitivity analysis, where we
removed one data set at a time, we found
rr:iativr:iy small changes in the effect estimate,
with a maximum of 9% change in the meta-
analysis estimate (from ~0.023 to -0.021)
when the data set from White et al. (2011)

Source [source D)

was removed (data not shown). Figure 4
shows that the study of White et al. (2011)
resulted in the largese estimate of decreased
birth weight among those studies weighted
more heavily in the meta-analysis (indicated
by the larger size of the mean symbol), so
it is not surprising that the removal of this
study would have the largest effect on the
mﬁra-analysis estimate, and in particular

¢
Hines et al. 2009 {260] i—l—i‘ ~0,020 {~0.040, 0.000)
White et al, 2009 {312 o & 1 ‘ ~0.034 (~0.068, ~6.002}
Abbott et ai, 2007 {526] 0,053 (9,134, 0.029)
White et al, 2007 [586] i ‘ —0.022 (-0.037, -0.007}
Wolf et al. 2007 [5712] e ! -0.027 (~0.042, ~6.012}
Wolf et al. 2007 [571b] »-~l-f~i ~0.014 {~9.033, 0.067)
L.au et al, 2006 {635) P---.---ii 0,015 {-9.029, ~0.002}
White et al. 2611 {3962] 88— ‘ ~0,030 {(~0.045, ~6.015}

Random-effecis model B : -0.023 {--0.029, -0.016}

f ! ! l 1
-0.150 -0.160 ~0.050 0.000 0650

Ohserved oufcome

=9

Figure 4. Meta-analysis results from a two-step mixed-effects model using combined ralevant mouss
studies in which dams ware treated with PFOA via gavage and progeny weight was measured at or soon
aftar birth. Data are presented as the mean {85% Cl} change in body weight (g} per T-unitincrease in dose
{mg/kg BW/day}. Each box represents the dose-response slope estimate for a study, the midpoint of the
box is the slope estimated for that study, and the box area is proportional to the weight given to each study
in the meta-analysis. The diamond is centerad at the overall mata-analysis slope estimate. Wolf {2007} was
split into two data sets: a} cross-foster {exposure on GDs 1-17), and 4} windows of sensitivity {exposure
groups for GDs 7-17, G0s 10-17, GDs 13-17, and GDs 15-17).

Mammalian studies

3 Low risk
,' Probably low risi
Probably high risk
S High risk

Hu et al. 2010 68} Sequence genaration &: : 'jpﬂﬁfm
ABbott ot 2l 2007 [528] : i\\\w !f % Setective reporing. B e e
White et al. 2007 [566] '; :';': % Conflictof interest e 1L R R
Walf et al 2007 1571 N&NE%@ Z omebes [l
1. 2606 625} i | & \t g unmammation studies

deriiter etal. 2005 [711] ?i; ;&‘ 5 &\\\j&w :\\\\\; E " Sequenie gente:ﬁon |i,=lf,=;i;=:=;z::15’:
Staples et al. 1984 [1871] sl _' \§\§ Allacation congealment |,f;‘,’§‘;‘;‘l§:;«_
Ba.h.erg‘;etal.EO(?S‘BUGj}[?‘] [N H %\\m%\\§§ Blinding |};=;},f225 :‘;‘:.‘;*:‘z:s -
'\l‘!hiut‘eus‘:tval,ZD'H l;);BZJ‘ B i mmw&% tncomplete outsome sata {LE
York 2002 [5122] N&%&% N Sefective reporting fr e e o
Hageraars etal. 2011 [59] : i 55 _____ g Conflict of interest 2;’;i;F‘t‘F‘i*f‘i*ig’;t‘i‘t‘f‘i*f";i|
Wang et a1 2070 56} HARE OF p E Othor bias
Pinkas et al, 2016 [157] ¥ ;{ 0 %\\\i&\\i ;f 8 - 10 o 5 m‘o
('Brien et al. 2003 [236] i m&\\\\ E Percent
Jiang et al. 2012 {3926} . :;5;5 N&\\\: z
3pachma and Arukwe 201239321 { - !&\\ﬂ&\\ N g

Figure 3. Summary of review authors’ risk of bias judgments {low, probably low, probably high, and high risk) for each risk of bias item for each included study (A4}
and given as perceniagas across all included studies { 8), separated into mammalian {7 = 15} and nonmammalian {# = 6} studies.
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shifting it to a smaller estimate of decreased
birth weight. Although the data set of Abbott
et al. (2007) had the largest effect estimate,
removing that data set had little effect on the
meta-analysis because of its small weight. The
sensitiviry analysis further demonstrated that
the 95% Cls were also minimally affected and
consistently did not include zero.

We created separate scatter plots to
summarize all the mammalian study data
for near-term, fetal weight measurements
{Figure 5A) and for birth weight measure-
ments (Figure 5B). The dose-response data
for the nine studies not included in the
meta-analysis showed mixed results, generally
with lower doses showing increased weight
compared with the control group {mostly
nonsignificant) and higher doses showing
decreased weight (some statistically significant
and others not significant) (Figure 5B}, The
95% Cls for the mean difference comparing
birth weight in the treatment versus control
group for each study are presented in
Supplemental Material, Tables $46 and $47.

We also created scatter plots to summa-
rize nonmammalian study data separately for
weight measurements (Figure 6A) and for
length measurements (Figure 68). A qualita-
tive evaluation of dose—response data showed
m-:ssdy nonstatisticaﬂy significant increases
in body weight, even at the highest tested
doses. The length data show mixed results,
with two studies demonstrating statistically
significant decreases in length and the other
two studies showing nonsigniﬁcam increases
in length. The 95% Cls for the mean differ-
efnce comparing birch W{:ight in the treat-
ment versus control group for each study
are presented in Supplemental Material,
Tables 548 and 549.

Quality of evidence. We downgraded
the overall quality rating of the mammalian
evidence from “high” to “moderate” based
on risk of bias across studies, because the
majority of studies were deemed to have
“probably high” risk of bias for allocation
concealment and blinding. Qur ratings and
rationales for the overall quality of mamma-
lian evidence are presented in Table 5.

‘We downgraded the overall quality rating
of the nonmammalian evidence from “high”
to “low” because of &) risk of bias across
studies, given that most studies were deemed
to have “probably high” risk of bias for the
sequence generation, allocation concealment,
and blinding domains; and 4} indirectness—
for the purposes of this case study, we did
not have a rationale or evidence to support
that all the nonmammalian species and their
corresponding routes of exposure were directly
applicable model systcems for evaluating
human fetal growth. Qur ratings and ratio-
nales for the overall quality of nonmammalian
evidence are presented in Table 6.

Environmental Health Perspectives - vorums 122 [ numser 101 October 2014
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Strength of evidence rating. We excluded
the nonmammalian data from the final
strength of evidence rating. Our rationale
was that the nonmammalian evidence was
judged to be of low quality for the purposes
of addressing our study question, and we had
higher quality direct evidence on which
base a decision. Our strength of the evidence
considerations were as follows:

» Quality of body of evidence: moderate

* Direction of effect estimates: decreasing birth
weig}ﬁt with increasing exposure to PPOA

+ Confidence in effect estimates: confidence
based on the consistency of the results and
overlapping Cls

s Other compelling attributes of the data that

may influence certainty: none.
We compared these considerations with the
definitions in Table 2 and condluded that the

N

tal growth

animal evidence is sufficient to conclude that
exposure to PFOA or its salts adversely affect
feral growdx in animals.

Discussion

Animal Fvidence for PFOA and Fetal
Growth

Based on this first application of the
Navigation Guide systematic review meth-
odology, we found “sufficient” evidence
that fetal developmental exposure to PFOA
or its salts reduces fetal growth in animals.
Our finding that the data were “sufficient”
was based on “moderate” quality mamma-
lian evidence, reduction in mean offspring
birth weight from dams exposed to increasing
concentrations of PFOA during pregnancy,
and our confidence in the effect based

floute of fMaximim
Seurce [source D] Species exgosire dose Péear torm weight
&
Yahia et al. 201011 Mouse Gavage 10 - o4
Fenton et al. 2009 [254] 5 “
-
Lau et al. 2006 635] 40 ;sg
8 = ®
Staples et al 1884 {1971] Rat 100 A
t al. 2008 [3061] 20 &
L
Staples et al 1384 {1871 Rat Inhaiztion 25 myg/m? -3
o S
T T T T
=20 -1 g 10 20
Response {percent change from control}
8]
’ Route of Maximm
Sowree [source 18] Species 2Xposire dose Birth weight
Hu etal 2010 [68] Mouse Drinking water
2 et al. 2011 13616} Maouse Food 0.3
ATC 03] Motse Gavage k]
1. 2008 {260]
f n et ]
White et sl 3 5
Abbott etal. 2007 1
White et sl 5
Wolf et al, 571b}° 26
Wolf et i571a}° 5
Lau et al. 2005 [635] 2
White et al. 2011 {3862} ]
Hinderiitar et al. 2005 [711] Rat Gavage 30
Staples et al. 1984 {1871 00
York 2002 [5122] 3¢ o
Staples ot 2l. 1984 [1871] Rat Inhalstion  Zmgm® |0 & a0 ®
: T ] T T
~30 =20 -0 ] 16

Response {percent change from control}

Figure 5. Combined scatter plots of response for each fested dose of PFOA for all included mammalian
studies. Response was measured as the percentage of weight change for progeny {4} near-term or {5 at
birth. Each color represents a different study (separated by dashed lines), and each symbol represents
a differant spacies or exposure route category. Mukltiple symbols of the same color represent responses
at multiple tesied doses within the same study. Doses are given in mg/kg BW/day uniess otherwise
specified. For each study, doses decrease as the y-axis increases and are scaled appropriately {ie.,
larger vertical gaps indicate larger gaps between doses); the minimum dose for all studies is zero. See
Supplemental Material, Tables 546 and 347, for the 95% Clis for the point astimates shown in the figure.
AStudy spiit into two data sets: a} cross-foster {exposure on GDs 1-17), and B} windows of sensitivity (exposure groups for
GDs 717, G0s 10-17, 605 13-17, and GDs 1517} *{Within symbols), p< 0.08 compared with the control group.
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on the consistency of the results and over-
lapping Cls. Analysis of the scatter plots of
the studies excluded from the meta-analysis
supported that the majority of these studies
also found consisterzdy small reductions in
measures of fetal growth following maternal
exposure to PFOA.

From the meta-analysis of eight mouse
gavage data sets, we estimated that exposure
of pregnant mice to increasing concentrations
of PFOA was associated with a change in
mean pup birth weight of ~0.023 g (95% CL:
~0.029, ~0.016) per l-unit increase in dose
{mglkg BW/day). To assess the biological
signiﬁcaﬂs:e of this estimate, we p-:joied birth
weight measurements from each of the eight
control groups to estimate an overall mean
birth weight of 1.57 g for the pups in control
groups. A 0.023 g decrease in body weight is
equivair:m 0 an approximate 1.46% decrease
in average body V‘.’Cfight per 1-unit increase
in PFOA dose. Thus, for example, according
to this model, a dose of 10 mg/kg BW/day
PFOA o pregnant dams is estimated to result
in approximately a 159 decrease in the litter’s
average birth V‘/Cl'ight.

To address the heterogeneity of the avail-
able evidence, we limited the meta-analysis
to data from mouse studies. The rationale for
this decision was based in part on findings
from pharmacoki netic studies documenting
that the rate of elimination for PFOA is much
faster for female rats compared with other
mammalian species, irzcluding humans (Laa
et al. 2007). Many of the studies included
in our metawan;ﬂysis cited rate of elimina-
tion differences as a supporting reason for
using mouse model systems. However,
responses between mouse model systems
may differ as well; evidence suggests that
responses to PFOA may vary based on the
mouse strain tested. One study noted that
the 12951/8vlm] strain was more sensi-
tive to PFOA exposure compared with
the CD-1 strain {(Abbott er al. 2007). We
included data from the 12951/Svlm] strain
in our meta—analysis because, in the absence
of evidence supporting which mouse strain
best matches human sensitivity to PFOA,
there was no evidence to support a premise
that humans are less sensitive than the most
sensitive mouse. This is further supported by
sty
tive toxicity, for which “humars appear to
be as or more sensitive than the most sensi-
tive animal species tested” (U.S. EPA 1996).
Additionally, cur sensitivity analysis found
removing this study from the meta-analysis
resulted in minimal changes in the meta-
analysis estimate (< 29} (data not shown).

The heterogeneity of the nonmamimalian
animal data precluded combining these studies
quantitativdy. Qur identification of studies
among such diverse species was unexpected,

fies of agents known to cause reproduc-
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and for this case study, we combined all
nonmammalian species into a single body of
evidence. This did not impede decision making
about toxicity of PFOA and fetal growth
because more direct marmmalian and human
data were available, However, for other chemi-
cals, hf:tf:rogeneous indirect evidence may
be the only data available on which to base
a decision. This points to the need to antici-
pate and plan for the analysis of heterogeneous
data—including whether it is appropriate to
evaluate each species separately—and to deter-
mine relevance to human health beforehand in
future protocols.

Application of the Navigation Guide
Systematic Review Methodology

We found the application of the Navigation
Guide method o be effective in producing a
concise statement of health hazard in a system-
atic and transparent manner. Although our

review did not identify any studies relevant
to our study question that were published in
ianguages other than Engiish, it is diffcult to
predict in which cases excluding non-English
studies may bias a systematic review (Sterne
et al. 2011h). Therefore, for future reviews
we would retain this strategy. Moreover, our
systematic search identified » 1,900 studies
that we did not find in a previous search that
we conducted at the initiation of the project
using traditional nonsystematic methods,
and our improved search strategy nearly
doubled the number of studies that met our
prﬁspﬁdﬁﬁd inclusion criteria.

Despite a steep learning curve, d{:signing
and completing the search, eliminating
duplicate records, screening studies, and
extracting study characteristics and data took
2-3 months, irzcluding time to train review
authoss. Contact with study authors to obtain
additional information took place over the
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course of 'approxim'itelv 3 months. Risk of
bias assessment, data analysis, and evalua-
tion of quality and serength of evidence took
approxin ateiy 2—3 additional months.

An inevitable limitation of this first case
study was that we were simuleaneously devel-
oping and applving the method. As a result,
we did not anticipate or define beforehand
all the benchmarks we ultimately used for
making judgments when rating the qualicy
and strength of the evidence, and we found
that our decision making was more difficult
in the absence of prespecified definitons. To
guide our judgments when assessing quality
and strength of evidence factors that had not
been prespeciﬁe&, we a) sought an empirical
basis for a judgment; 4) conducted further

Systematic review of PFOA

analysis (i.e., sensicivity); o) relied on GRADE’s
prin iplc‘ to be conservative in the judgment of
rating downy; and &) always documented the
rationale for our udgmem, Anticipating and
defining prespecified criteria for as many judg-
ments as possi’cie will improve the method:
however, it seems unlikely that all judgments
can be anticipated. Thus, the principies we
used for judgments subsequent to the analysis
will be integrated into future protocels o
transparently allow for such circumstances.

Challenges in Translating
Experimental Animal Evidence into
Improved Health Ouicomes

in applying the Navigation Guide systemaric
review methodology, we found that the high

Table 5. Mammalian summary of findings, quality of evidence, and strength of evidence.

and f

tal growth

prevalence of suboptimal study design and
reporting in expc‘rimental animal studies
that has been r:mpiricaﬂy documented in the
prec},inica] literature (Bebarta er al. 2003,
Landis et al. 2012; Macleod et al. 2004, 2008,
McPardand et al. 2007; van der Worp and
Macleod 2011; van der Worp et al. 2007;
Vesterinen et al. 2011) may also be prwalcnt
in the experimental animal data that inform
decision making in environmental health. In
neady all of the studies included in our review,
direct evidence support risk of bias ratings,
such as clear descriptions of randomization or
blinding methods, was missing. Furthermore,
many studies failed to IEpOIT some of the basic
data necessary for interpretation of results and
incorporation into meta«anaiysis, For example,
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multiple studies failed to report data such as
the number of animals included in outcome
meastrements {e.g., number of litters assessed,
number of pups per litter), details on how
offspring were weighed {e.g.. individually, as
a whole litter), or the time point of outcome
assessment (e.g., clear definition of PNDI1,

momtormg of parturition). To create scatter
plots and perform a meta-analysis, we needed
to contact the lead aothor of every study to
obtain missing data. ]fbrmnateiy, authors
for most of the studies responded, and many
generously took the time and effort to provide
raw data for inclusion in this review. Qur
follow-up with the authors indicated that
many of these missing data were a result of
def,uenucs in reporting and point to the need
to include contacting study authors as a step
in the protocel.

These findings underscore the urgency
of calls for improved experimental-animal
stady design and reporting in the preclinical
arena (Beronius et al. 2014; Krauth et al.
2013; Landis et al. 20125 van der Worp and
Macleod 2011; Vesterinen et al. 2010, 2011).
To this end, a2 major stakeholder meeting
by the Martional Institute of Neurological
Disorders and Stroke found that at a
minimum, studies should report on sample-
size estimation, whether and how animals
were randomized, whether investigators were
blind to the [rmtment, and the bqndiing of
data (Landis et al. 2012). It will be impor-
tant for environmental healeh scientists and
jmu:nals that publish environmental health
research te help support these nascent
efforts to advance the translational relevance
of animal evidence into improved health
outcomes {Howells and Macleod 2013;
Macleod et al. 2009; van der Worp et al.
2010; Vesterinen et al. 2011}

Summary and Conclusion

This case study documents that the
Navigation Guide methodology can be used
to effectively apply the rigor of evidence
synthesis methods in use by the clinical
sciences to questions in environmental health.
The Navigation Guide methodology does
not eliminate the need for expert judgm-‘:m,
but it does 2) make clear the evidence thar
informs the authors’ judgments and 5) require
transparency and an explicit accounting of the
judgiments involved.

In addition to this review of the animal
evidence, a separate systematic review was
conducted evaluating the human evidence
relevant to PFOA exposure and fetal growth
which resulted in a “sufficient” evidence
of toxicity rating (Johnson et al. 2014). In
another paper, the strength of the evidence
ratings from the nonhuman and human
evidence were combined according to the
factors specified in the Navigation Guide
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(Woodruff et al. 2011a), resulting in an
overall conclusion by the review authors that
human exposure to PFOA is “known to be
toxic” to human reproduction and develop-
ment based on “sufficient” evidence of
decreased fetal growth in both human and
noghuman mammalian species (Lam et al.
2014}, Together, these reviews
strate the utility of the Navigation Guide in
systematically approaching a complex body of
scientific evidence.

The ultimate goal of our efforts is
to refine the Navigation Guide systematic
review methodology across diverse streams of
evidence and to support the development of
recommendations for prevention in clinical
and policy spheres. As has been demonstrated
in the clinical field, the adoption of system-
atic and transparent methods to synthesize
the scientific evidence in the environmental
health field would speed incorporation of
research into decision making.
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Table S1: PubMed search terms.

Search PubMed

#1 335-67-1 [rn] OR perfluorooctanoic acid [nm] OR (perfluorooctanoic acid [tiab] OR
perfluorooctanoic acids [tiab]) OR (perfluoroctanoic acid [tiab] OR perfluoroctanoic

Substance terms acids [tiab]) OR (perfluoro-n-octanoic acid [tiab] OR perfluoro-n-octanoic acids

[tiab]) OR (pentadecatluorcoctanoic acid [tiab] OR pentadecafluorooctanoic acids
[tiab]) OR APFO [tiab] OR (perfluorinated [tiab] AND octanoic acid [tiab]) OR
(perfluorinated [tiab] AND octanoic acids [tiab]) OR (perfluorooctancate [tiab] OR
pertluorooctanoates [tiab]) OR perfluorooctanoyl chloride [tiab] OR PFOA [tiab] OR
(fluorinated telomer alcohol [tiab] OR fluorinated telomer alcohols [tiab]) OR (fluoro-
telomer alcohol [tiab] OR fluoro-telomer alcohols [tiab]) OR (fluorocarbon emulsion
[tiab] OR fluorocarbon emulsions [tiab]) OR (perfluorocarbon [tiab] OR
perfluorocarbons [tiab]) OR (fluorocarbon polymer [tiab] OR fluorocarbon polymers
[tiab]) OR (fluorinated polymer [tiab] OR fluorinated polymers [tiab]) OR octanoic
acids [mh] OR (octanoic acid [tiab] OR octanoic acids [tiab]) OR caprylates [mh] OR
(caprylate [tiab] OR caprylates [tiab]) OR (polyflueroalkyl [tiab] OR polytluorcalkyls
[tiab] OR polyfluoroalkylated [tiab]) OR PFAA [tiab] OR (perfluoroalkyl chemical
[tiab] OR perfluoroalkyl chemicals [tiab]) OR (c8 [tiab] AND perfluorinated [tiab])
OR (fluoropolymer [tiab] OR fluoropolymers [tiab] OR fluoropolymeric [tiab]) OR
(fluorosurfactant {tiab] OR fluorosurfactants {tiab]) OR (perfluorochemical [tiab] OR
perfluorochemicals [tiab]) OR PFCs [tiab] OR (perfluoroalkyl carboxylate [tiab] OR
perfluoroalkyl carboxylates [tiab]) OR (perfluorocarboxylate [tiab] OR
perfluorocarboxylates [tiab]) OR PFCA [tiab] OR (perfluorinated carboxylic acid
[tiab] OR perfluorinated carboxylic acids [tiab]) OR FC 143 [tiab] OR
(pentadecatluorooctanoate [tiab] OR pentadecafluorooctanoates [tiab])

#2 ("animal experimentation"[MeSH Terms] OR "models, animal"[MeSH Terms] OR
"invertebrates"[MeSH Terms] OR "Animals"[Mesh:noexp] OR "animal population

Experimental animal terms groups” [MeSH Terms] OR "chordata"[MeSH Terms:noexp] OR "chordata,

(modified from Hooijmans et | nonvertebrate"[MeSH Terms] OR "vertebrates"[MeSH Terms:noexp] OR

al. 2010) "amphibians” [MeSH Terms] OR "birds"[MeSH Terms] OR "fishes"[MeSH Terms]

OR "reptiles"[MeSH Terms] OR "mammals"[MeSH Termsnoexp] OR

"primates”" [MeSH Terms:noexp| OR "artiodactyla"[MeSH Terms] OR
"carnivora"[MeSH Terms] OR "cetacea"[MeSH Terms] OR "chiroptera"[MeSH
Terms] OR "elephants"[MeSH Terms] OR "hyraxes’[MeSH Terms] OR
"insectivora"[MeSH Terms] OR "lagomorpha"[MeSH Terms] OR
"marsupialia"[MeSH Terms] OR "monotremata”[MeSH Terms] OR
"perissodactyla"{MeSH Terms] OR "rodentia"[MeSH Terms] OR "scandentia"[MeSH
Terms] OR "sirenia"[MeSH Terms] OR "xenarthra"[MeSH Terms] OR
"haplorhini"[MeSH Terms:noexp] OR "strepsithini"[MeSH Terms] OR
"platyrrhini"[MeSH Terms] OR "tarsii"[MeSH Terms] OR "catarrhini"[MeSH
Termsnoexp] OR "cercopithecidae"[MeSH Terms] OR "hylobatidae"[MeSH Terms]
OR "hominidae"[MeSH Terms:moexp] OR "gorilla gorilla"[MeSH Terms] OR "pan
paniscus”[MeSH Terms] OR "pan troglodytes"[MeSH Terms] OR "pongo
pygmaeus”[MeSH Terms]) OR (animalsftiab] OR animal[tiab] OR mice[Tiab] OR
mus[Tiab] OR mouse[Tiab] OR murine[Tiab] OR woodmouse[tiab] OR rats[Tiab]
OR rat[Tiab] OR murinae[Tiab] OR muridae[Tiab] OR cottonrat[tiab] OR
cottonrats[tiab] OR hamster[tiab] OR hamsters[tiab] OR cricetinae[tiab] OR
rodentia[Tiab] OR rodent[Tiab] OR rodents[Tiab] OR pigs[Tiab] OR pig[Tiab] OR
swine[tiab] OR swines[tiab] OR pigletsftiab] OR piglet[tiab] OR boar[tiab] OR
boars[tiab] OR "sus scrofa"[tiab] OR ferrets[tiab] OR ferret[tiab] OR polecat[tiab] OR
polecats[tiab] OR "mustela putorius"[tiab] OR "guinea pigs"[Tiab] OR "guinea
pig"[Tiab] OR cavia[Tiab] OR callithrix[Tiab] OR marmoset[Tiab] OR
marmosets[Tiab] OR cebuella[Tiab] OR hapale[Tiab] OR octodon[Tiab] OR
chinchilla[Tiab] OR chinchillas[Tiab] OR gerbillinae[Tiab] OR gerbil[Tiab] OR
gerbils[Tiab] OR jird[Tiab] OR jirds[Tiab] OR merione|Tiab] OR meriones|Tiab] OR
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Search PubMed

rabbits[Tiab] OR rabbit[Tiab] OR hares[Tiab] OR hare[Tiab] OR diptera]Tiab] OR
flies[Tiab] OR fly[Tiab] OR dipteral|[Tiab] OR drosphila[Tiab] OR
drosophilidae[Tiab] OR cats|Tiab] OR cat[Tiab] OR carus[Tiab] OR felis[Tiab] OR
nematodalTiab] OR nematode[Tiab] OR nematodes[Tiab] OR sipunculida[Tiab] OR
dogs[Tiab] OR dog|Tiab] OR canine[Tiab] OR canines[Tiab] OR canis[Tiab] OR
sheep|{Tiab] OR sheeps|[Tiab] OR mouflon[Tiab] OR mouflons[Tiab] OR ovis[Tiab]
OR goats|[Tiab] OR goat[Tiab] OR capra[Tiab] OR capras[Tiab] OR rupicapra[Tiab]
OR chamois[Tiab] OR haplorhini[Tiab] OR monkey|[Tiab] OR monkeys[Tiab] OR
anthropoidea[Tiab] OR anthropoids[Tiab] OR saguinus|[Tiab] OR tamarin|[Tiab] OR
tamarins|Tiab] OR leontopithecus{Tiab] OR hominidae[Tiab] OR ape[Tiab] OR
apes|Tiab] OR pan{Tiab] OR paniscus[Tiab] OR "pan paniscus"[Tiab] OR
bonobo[Tiab] OR benobos|[Tiab] OR troglodytes[Tiab] OR "pan troglodytes"[Tiab]
OR gibbon[Tiab] OR gibbons[Tiab] OR siamang[Tiab] OR siamangs[Tiab] OR
nomascus| Tiab] OR symphalangus|Tiab] OR chimpanzee[Tiab] OR
chimpanzees[Tiab] OR prosimians{Tiab] OR "bush baby"[Tiab] OR prosimian|[Tiab]
OR bush babies[Tiab] OR galagos[Tiab] OR galago[Tiab] OR pongidae[Tiab] OR
gorilla[Tiab] OR gorillas[Tiab] OR pongo[Tiab] OR pygmaeus[Tiab] OR "pongo
pygmacus"[Tiab] OR orangutans[Tiab] OR lemur[Tiab] OR lemurs[Tiab] OR
lemuridae[Tiab] OR horse[Tiab] OR horses[Tiab] OR equus[Tiab] OR cow|[Tiab] OR
calf[Tiab] OR bull[Tiab] OR chicken|[Tiab] OR chickens[Tiab] OR gallus[Tiab] OR
quail[Tiab] OR bird[Tiab] OR birds[Tiab] OR quails[Tiab] OR poultry[Tiab] OR
poultries[Tiab] OR fowl[Tiab] OR fowls[Tiab] OR reptile[Tiab] OR reptilia[Tiab] OR
reptiles[Tiab] OR snakes[Tiab] OR snake[Tiab] OR lizard[Tiab] OR lizards[Tiab] OR
alligator[Tiab] OR alligators[Tiab] OR crocodile[Tiab] OR crocodiles[Tiab] OR
turtle[ Tiab] OR turtles[Tiab] OR amphibian[Tiab] OR amphibians[Tiab] OR
amphibia[Tiab] OR frog[Tiab] OR frogs[Tiab] OR bombina[Tiab] OR salientia[Tiab]
OR toad[Tiab] OR toads[Tiab] OR "epidalea calamita"[Tiab] OR salamander|[Tiab]
OR salamanders|Tiab] OR eel[Tiab] OR eels|Tiab] OR fish[Tiab] OR fishes[Tiab]
OR pisces[Tiab] OR catfish|Tiab] OR catfishes[Tiab] OR siluriformes|Tiab] OR
arius|Tiab] OR heteropneustes[Tiab] OR sheatfish[Tiab] OR perch[Tiab] OR
perches[Tiab] OR percidae[Tiab] OR perca[Tiab] OR trout[Tiab] OR trouts|Tiab] OR
char[Tiab] OR chars[Tiab] OR salvelinus[Tiab] OR "fathead minnow"[Tiab] OR
minnow| Tiab] OR cyprinidae[Tiab] OR carps[Tiab] OR carp[Tiab] OR
zebrafish[Tiab] OR zebrafishes[Tiab] OR goldfish|[Tiab] OR goldfishes[Tiab] OR
guppy|[Tiab] OR guppies[Tiab] OR chub[Tiab] OR chubs[Tiab] OR tinca[Tiab] OR
barbels[Tiab] OR barbus[Tiab] OR pimephales[Tiab] OR promelas[Tiab] OR
"poecilia reticulata’[Tiab] OR mullet[Tiab] OR mullets[Tiab] OR seahorse[Tiab] OR
seahorses[Tiab] OR mugil curemafTiab] OR atlantic cod[Tiab] OR shark[Tiab] OR
sharks[Tiab] OR catshark|{Tiab] OR anguilla[Tiab] OR salmonid[Tiab] OR
salmonids[Tiab] OR whitefish[Tiab] OR whitefishes|[Tiab] OR salmon[Tiab] OR
salmons|Tiab] OR sole[Tiab] OR solea[Tiab] OR "sea lamprey"[Tiab] OR
lamprey|[Tiab] OR lampreys[Tiab] OR pumpkinseed[Tiab] OR sunfish[Tiab] OR
sunfishes[Tiab] OR tilapia[Tiab] OR tilapias[Tiab] OR turbot[Tiab] OR turbots[Tiab]
OR flatfish{Tiab] OR flatfishes[Tiab] OR sciuridae[Tiab] OR squirrel{Tiab] OR
squurels|Tiab] OR chipmunk|[Tiab] OR chipmunks[Tiab] OR suslik[Tiab] OR
susliks[Tiab] OR vole[Tiab] OR voles|Tiab] OR lemming[Tiab] OR lemmings|[Tiab]
OR muskrat|Tiab] OR muskrats[Tiab] OR lemmus|Tiab] OR otter[Tiab] OR
otters[Tiab] OR marten[Tiab] OR martens[Tiab] OR martes[Tiab] OR weasel|[Tiab]
OR badger[Tiab] OR badgers[Tiab] OR ermine[Tiab] OR mink[Tiab] OR
minks[Tiab] OR sable[Tiab] OR sables[Tiab] OR gulo[Tiab] OR gulos[Tiab] OR
wolverine[Tiab] OR wolverines[Tiab] OR mustela[Tiab] OR llama[Tiab] OR
llamas[Tiab] OR alpaca[Tiab] OR alpacas[Tiab] OR camelid[Tiab] OR
camelids[Tiab] OR guanaco[Tiab] OR guanacos[Tiab] OR chiroptera]Tiab] OR
chiropteras[Tiab] OR bat[Tiab] OR bats[Tiab] OR fox|Tiab] OR foxes[Tiab] OR
iguana[Tiab] OR iguanas[Tiab] OR xenopus laevis[Tiab] OR parakeet|Tiab] OR
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parakeets[Tiab] OR parrot[Tiab] OR parrots[Tiab] OR donkey|[Tiab] OR
donkeys[Tiab] OR mule[Tiab] OR mules[Tiab] OR zebra[Tiab] OR zebras[Tiab] OR
shrew[Tiab] OR shrews[Tiab] OR bison[Tiab] OR bisons[Tiab] OR buffalo[Tiab] OR
buffaloes[Tiab] OR deer[Tiab] OR deers|[Tiab] OR bear[Tiab] OR bears[Tiab] OR
panda[Tiab] OR pandas[Tiab] OR "wild hog"[Tiab] OR "wild boar"[Tiab] OR
fitchew|Tiab] OR fitch[Tiab] OR beaver[Tiab] OR beavers[Tiab] OR jerboa[Tiab]
OR jerboas[Tiab] OR capybara[Tiab] OR capybaras|Tiab])

#3 developmental biology [mh] OR developmental biology [tiab] OR embryonic and
fetal development [mh] OR (embryonic [tiab] OR embryonically [tiab]) OR fetal
Reproductive/developmental development [tiab] OR growth and development [mh] OR growth and development
toxicity terms [subheading] OR (development [tiab] OR developmental [tiab] OR developmentally
[tiab]) OR embryology [mh] OR embryology [tiab] OR ecotoxicology [mh] OR
ecotoxicology [tiab] OR ecology [mh] OR (ecology [tiab] OR ecological [tiab] OR
ecologically [tiab]) OR toxicology [mh] OR (toxicology [tiab] OR toxicological [tiab]
OR toxicologically [tiab]) OR toxicogenetics [mh] OR (toxicogenetic [tiab] OR
toxicogenetics [tiab]) OR growth [mh] OR growth [tiab] OR environmental pollutants
[mh] OR (environmental pollutant [tiab] OR environmental pollutants [tiab]) OR body
weight [mh] OR (weight [tiab] OR weights [tiab] OR weighed [tiab]) OR embryo loss
[mh] OR (embryo loss [tiab] OR embryo losses [tiab]) OR fetal resorption [mh] OR
(fetal resorption [tiab] OR fetal resorptions [tiab]) OR gestational age [mh] OR
(gestational age [tiab] OR gestational ages [tiab]) OR litter size [mh] OR (litter size
[tiab] OR litter sizes [tiab]) OR endocrine disruptors [mh] OR (endocrine disruptor
[tiab] OR endocrine disruptors [tiab] OR endocrine disruption [tiab]) OR reproduction
[mh] OR reproduction [tiab] OR toxicity [subheading] OR toxicity [tiab] OR (toxic
[tiab] OR toxics [tiab])

#4 #1 AND #2 AND #3
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Table S2: Web of Science search terms.

Search Web of Science

#1 TS=((pertluorooctanoic acid OR perfluorooctanoic acids) OR (perfluoroctanoic acid
OR perfluoroctanoic acids) OR (perfluoro-n-octanoic acid OR perfluoro-n-octanoic

Substance terms acids) OR (pentadecafluorooctanoic acid OR pentadecafluorooctanoic acids) OR

APFO OR (pertluorinated AND octanoic acid) OR (perfluorinated AND octanoic
acids) OR (perfluorooctanoate OR perfluorooctanoates) OR perfluorooctanoyl
chloride OR PFOA OR (fluorinated telomer alcohol OR fluorinated telomer
alcohols) OR (fluoro-telomer alcohol OR fluoro-telomer alcohols) OR (fluorocarbon
emulsion OR fluorocarbon emulsions) OR (perfluorocarbon OR perfluorocarbons)
OR (fluorocarbon polymer OR fluorocarbon polymers) OR (fluorinated polymer OR
fluorinated polymers) OR (octanoic acid OR octanoic acids) OR (caprylate OR
caprylates) OR (polyfluoroalkyl OR polyfluoroalkyls OR polytluoroalkylated) OR
PFAA OR (perfluoroalkyl chemical OR pertluoroalkyl chemicals) OR (¢c8 AND
perfluorinated) OR (fluoropolymer OR fluoropolymers OR fluoropolymeric) OR
(fluorosurfactant OR fluorosurfactants) OR (pertluorochemical OR
perfluorochemicals) OR PFCs OR (pertluoroalkyl carboxylate OR perfluoroalkyl
carboxylates) OR (perfluorocarboxylate OR perfluorocarboxylates) OR PFCA OR
(perfluorinated carboxylic acid OR perfluorinated carboxylic acids) OR FC 143 OR
(pentadecafluorooctancate OR pentadecafluorococtanoates))

#2 TS=(animals OR animal OR mice OR mus OR mouse OR murine OR woodmouse
OR rats OR rat OR murinae OR muridae OR cottonrat OR cottonrats OR hamster OR

Experimental animal terms hamsters OR cricetinae OR rodentia OR rodent OR rodents OR pigs OR pig OR

(modified from Hooijmans swine OR swines OR piglets OR piglet OR boar OR boars OR "sus scrofa” OR

et al. 2010) ferrets OR ferret OR polecat OR polecats OR "mustela putorius” OR "guinea pigs"

OR "guinea pig" OR cavia OR callithrix OR marmoset OR marmosets OR cebuella
OR hapale OR octodon OR chinchilla OR chinchillas OR gerbillinae OR gerbil OR
gerbils OR jird OR jirds OR merione OR meriones OR rabbits OR rabbit OR hares
OR hare OR diptera OR flies OR fly OR dipteral OR drosphila OR drosophilidae OR
cats OR cat OR carus OR felis OR nematoda OR nematode OR nematodes OR
sipunculida OR dogs OR dog OR canine OR canines OR canis OR sheep OR sheeps
OR mouflon OR mouflons OR ovis OR goats OR goat OR capra OR capras OR
rupicapra OR chamois OR haplorhini OR monkey OR monkeys OR anthropoidea OR
anthropoids OR saguinus OR tamarin OR tamarins OR leontopithecus OR hominidae
OR ape OR apes OR pan OR paniscus OR "pan paniscus" OR bonobo OR bonobos
OR troglodytes OR "pan troglodytes" OR gibbon OR gibbons OR siamang OR
siamangs OR nomascus OR symphalangus OR chimpanzee OR chimpanzees OR
prosimians OR "bush baby" OR prosimian OR bush babies OR galagos OR galago
OR pongidae OR gorilla OR gorillas OR pongo OR pygmaeus OR "pongo
pygmaeus” OR orangutans OR lemur OR lemurs OR lemuridae OR horse OR horses
OR equus OR cow OR calf OR bull OR chicken OR chickens OR gallus OR quail
OR bird OR birds OR quails OR poultry OR poultries OR fowl OR fowls OR reptile
OR reptilia OR reptiles OR snakes OR snake OR lizard OR lizards OR alligator OR
alligators OR crocodile OR crocodiles OR turtle OR turtles OR amphibian OR
amphibians OR amphibia OR frog OR frogs OR bombina OR salientia OR toad OR
toads OR "epidalea calamita” OR salamander OR salamanders OR eel OR eels OR
fish OR fishes OR pisces OR catfish OR catfishes OR siluriformes OR arius OR
heteropneustes OR sheatfish OR perch OR perches OR percidae OR perca OR trout
OR trouts OR char OR chars OR salvelinus OR "fathead minnow" OR minnow OR
cyprinidae OR carps OR carp OR zebrafish OR zebrafishes OR goldfish OR
goldfishes OR guppy OR guppies OR chub OR chubs OR tinca OR barbels OR
barbus OR pimephales OR promelas OR "poecilia reticulata” OR mullet OR mullets
OR seahorse OR seahorses OR mugil curema OR atlantic cod OR shark OR sharks
OR catshark OR anguilla OR salmonid OR salmonids OR whitefish OR whitefishes
OR salmon OR salmons OR sole OR solea OR "sea lamprey" OR lamprey OR
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Search Web of Science

lampreys OR pumpkinseed OR sunfish OR sunfishes OR tilapia OR tilapias OR
turbot OR turbots OR flatfish OR flatfishes OR sciuridae OR squirrel OR squirrels
OR chipmunk OR chipmunks OR suslik OR susliks OR vole OR voles OR lemming
OR lemmings OR muskrat OR muskrats OR lemmus OR otter OR otters OR marten
OR martens OR martes OR weasel OR badger OR badgers OR ermine OR mink OR
minks OR sable OR sables OR gulo OR gulos OR wolverine OR wolverines OR
mustela OR llama OR llamas OR alpaca OR alpacas OR camelid OR camelids OR
guanaco OR guanacos OR chiroptera OR chiropteras OR bat OR bats OR fox OR
foxes OR iguana OR iguanas OR xenopus laevis OR parakeet OR parakeets OR
parrot OR parrots OR donkey OR donkeys OR mule OR mules OR zebra OR zebras
OR shrew OR shrews OR bison OR bisons OR buffalo OR buffaloes OR deer OR
deers OR bear OR bears OR panda OR pandas OR "wild hog" OR "wild boar" OR
fitchew OR fitch OR beaver OR beavers OR jerboa OR jerboas OR capybara OR
capybaras)

#3 TS=(developmental biclogy OR (embryonic OR embryonically) OR (development
OR developmental OR developmentally) OR embryology OR ecotoxicology OR
Reproductive/developmental (ecology OR ecological OR ecologically) OR (toxicology OR toxicological OR
toxicity terms toxicologically) OR (toxicogenetic OR toxicogenetics) OR growth OR
(environmental pollutant OR environmental pollutants) OR (weight OR weights OR
weighed) OR (embryo loss OR embryo losses) OR (fetal resorption OR fetal
resorptions) OR (gestational age OR gestational ages) OR (litter size OR litter sizes)
OR (endocrine disruptor OR endocrine disruptors OR endocrine disruption) OR
reproduction OR (toxicity OR toxic OR toxics))

#4 #1 AND #2 AND #3
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Table S3: Search strategy

Source” Hits"
PubMed 1462
Web of Science (Thompson Reuters) 1060
Agency for Toxic Substances and Disease Registry (ATSDR) Interaction Profiles and |
Toxicological Profiles

Developmental and Reproductive Toxicology Database (DART) 10
EPA Science Inventory 88
USEPA Health and Environmental Studies Online (HERO) 52
National Institute for Occupational Safety and Health publications database (NIOSHTIC-2) 7
Toxicology Literature Online (TOXLINE) 85
Toxic Substances Control Act Test Submissions (TSCATS) 2

"Table presents sources for which search results were returned; sources that did not return search results follow:

CalEPA Office of Environmental Health Hazard Assessment Risk Assessment; Chem IDplus Advanced;

Chemspider; Chemical Carcinogenesis Research Information System (CCRIS), EPA Acute Exposure Guideline

Levels Chemicals; EPA Integrated Risk Information System (IRIS); EPA National Environmental Publications
Internet Site (NEPIS); EPA National Service Center for Environmental Publications (NSCEP); EPA Substance

Registry Services, Environmental Mutagen Information Center (EMIC); European Chemicals Agency;, Genetic
Toxicology Data Bank (GENE-TOX); Health Canada First Priority Substances List (PSL 1) Assessments; Health
Canada Second Priority Substances List (PSL2) Assessments; Hazardous Substances Data Bank (HSDB); IARC

Monographs on the Evaluation of Carcinogenic Risks to Humans; International Life Sciences Institute (1L SI);

International Programme on Chemical Safety (IPCRS); International Toxicity Estimates for Risk (ITER); US National

Toxicology Program Management Status Report; US National Toxicology Program Results and Status Search; US

National Toxicology Program Report on Carcinogens; Toxicology Excellence for Risk Assessment; Toxicology

Data Network (TOXNET); NIOSH Registry of Toxic Effects of Chemical Substances (RTECS),WHO Concise

International Chemical Assessment Documents; WHO Environmental Health Criteria. For additional information,

see review protocol. "PubMed and Web of Science searches were performed on February 3, 2012; all remaining

database searches were performed January 23, 2012-February 6, 2012
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Table S4: Characteristics of Hu et al. 2010 (study ID 68).

Study Element Description
Methods Mouse developmental toxicological and immunotoxicological study
Participants Wild-type C57BlI/6 mice

Timed-pregnant GD6 animals obtained from supplier
Total number of dams allocated: 48

Exposure Dams treated with PFOA, ammonium salt (CAS# 3825-26-1) in drinking water (ad libitum
access) from GD 6 to GD 17.
Exposure groups:

e 2 dose groups = 0.05, I mg PFOA/kg body weight/day; 16 dams each

e | control group = non-treated water; 16 dams

Outcomes 1. Birth weight (g) - individual pups weighed at PND?2 (birth occurred previous day or night).
Number of dams analyzed:

¢ 10 for each exposure group
Not included in review: dam and offspring weight gain; organ weights; IgM and 1gG antibody
titers; serum PFOA concentrations

Notes Author responded to requests for additional information. Raw data provided by study author.
Litter sizes were statistically equal across doses and control groups.

10
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Table S5: Characteristics of Yahia et al. 2010 (study ID 103).

Study Element Description
Methods Mouse developmental and reproductive toxicological study
Participants Wild-type ICR (CD-1) mice

In-house breeding protocel
Total number of dams allocated: Unclear

Exposure Experimental groups:
¢ Prenatal time point: dams treated with PFOA via daily gavage from GDO to GD17.
*  Postnatal time point: dams treated with PFOA via daily gavage from GDO to GD18.
Exposure groups:
¢ 3 dose groups = 1, 5, 10 mg PFOA/kg body weight/day
* 1 control group = detonized water

Outcomes 1. Fetal weight (g) — individual fetuses weighed at GD18.
Number of dams analyzed:
e 7.9 5 8forcontrol, 1, 5, 10 mg/kg PFOA groups, respectively
2. Neonatal weight (g) — unclear at what time point pups were weighed.
Number of dams analyzed:
* 5 for each exposure group
Not included in review: maternal organ effects; effects on maternal serum biochemical parameters;
maternal weight; survival of offspring

Notes Authors did not respond to requests for additional information. Failure to report pertinent study
details resulted in exclusion from quantitative analysis for birth weight outcome, despite meeting
inclusion criteria otherwise. Authors did not specify chemical form of PFOA (assume CAS# 335-
67-1). For prenatal time point, no significant effects on survival. For postnatal time point, delayed
delivery, high rate of stillborn birth (58%), and remaining live pups died within 6 hours after birth
for 10 mg/kg PFOA group: 16% of neonates died in 5 mg/kg PFOA group.

11
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Table S6: Characteristics of Hines et al. 2009 (study ID 260).

Study Element Description
Methods Mouse developmental toxicological study
Participants Wild-type CD-1 mice

Timed-pregnant GDO animals obtained from supplier
Total number of dams allocated: 85

Exposure Dams treated with PFOA, ammonium salt (CAS# 3825-26-1) via daily gavage from GD1 to GD17.
Exposure groups:
*  5Sdose groups =0.01, 0.1, 0.3, 1, 5 mg PFOA/kg body weight/day; 15, 15, 15, 15, 10 dams
for 0.01, 0.1, 0.3, 1, 5 mg PFOA/kg body weight/day groups, respectively.
¢ 1 control group = distilled water; 15 dams

Outcomes 1. Birth weight (g) — individual pups weighed at PND1 (day of birth or birth occurred previous
night).
Number of dams analyzed:

10,15, 15, 13, 14, 8 for control, 0.01, 0.1, 0.3, 1, 5 mg/kg PFOA groups, respectively
Not included in review: maternal weight; offspring weight gain; offspring glucose, leptin, and insulin
levels; offspring late life organ and body weight; offspring fat to lean ratio; offspring feed
consumption; effect of ovariectomy

Notes Author responded to requests for additional information. Raw data provided by study author. Litter
sizes were statistically equal across doses and control groups.

12
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Table S7: Characteristics of Fenton et al. 2009 (study ID 264).

Study Element Description
Methods Mouse pharmacokinetic study
Participants Wild-type CD-1 mice

Timed-pregnant GD14 anmimals obtained from supplier
Total number of dams allocated: 100

Exposure Experimental groups:
*  Prenatal time point: dams treated with PFOA, ammonium salt (CAS# 3825-26-1), via
single gavage on GD17.
¢  Postnatal time point: dams treated with PFOA, ammonium salt (CAS# 3825-26-1), via
single gavage on GD17.
Exposure groups:
* 3 dose groups = 0.1, 1, 5 mg PFOA/kg body weight
Prenatal time point: 5 dams/dose
Postnatal time point: 5 dams/dose
¢ 1 control group = deionized water
Prenatal time point: 5 dams
Postnatal time point: 5 dams

Outcomes 1. Fetal weight (g) — one individual fetus from each litter weighed at GD18.
Number of dams analyzed:
s 5,5 5 4forcontrol, 0.1, 1, 5 mg/kg PFOA groups, respectively
2. Birth weight (g) — one individual pup from each litter weighed at PND1 (day of birth or birth
occurred previous night).
Number of dams analyzed:
¢ 5.4 4, 5forcontrol, 0.1, 1, 5 mg/kg PFOA groups, respectively
Not included in review: PFOA serum concentration prior to birth; dam PFOA serum
concentrations; pup PFOA serum concentrations

Notes Author respeonded to requests for additional information. Raw data provided by study author.
Number of live fetuses and litter sizes at birth were statistically equal across doses and control
groups.

13
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Table S8: Characteristics of White et al. 2009 (study ID 312).

Study Element Description
Methods Mouse developmental toxicological study
Participants Wild-type CD-1 mice

Timed-pregnant GDO animals obtained from supplier
Total number of dams allocated: 112

Exposure Damis treated with PFOA, ammonium salt (CAS# 3825-26-1) via daily gavage from GDS8 to
GD17. At birth, pups were cross-fostered to obtain the following groups: 1) never exposed, 2)
exposed in utero and via lactation, 3) exposed only in utero, 4) exposed only via lactation.
Exposure groups:

* 1 dose groups = 5 mg PFOA/kg body weight/day; 56 dams

¢ 1 control group = deionized water; 56 dams

Outcomes 1. Birth weight (g) — 3 individual female pups from each litter weighed at PND1 (at least 12
hours after birth and cross-foster); only 2 groups of pups relevant for review: 1) never exposed,
2) exposed in uterc and via lactation.
Number of dams analyzed:

* 4 for each exposure group
Not included in review: 2 additional studies - late-life effects cross-foster study and restricted-
exposure study;, mammary gland development scores; circulating serum PFOA concentration;
mammary gland differentiation in offspring; serum PFOA dosimetry

Notes Author responded to requests for additional information. Raw data provided by study author.
Litter sizes were statistically equal across doses and control groups.

14
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Table S9: Characteristics of Abbott et al. 2007 (study ID 528).

Study Element Description
Methods Mouse developmental toxicological study
Participants Wild-type 12951/SvimJ mice

In-house breeding protocel
Total number of dams allocated: 157

Exposure Dams treated with PFOA, ammonium salt (CAS# 3825-26-1), via daily gavage from GDI1 to
GD17.
Exposure groups:
e 7dose groups =0.1,0.3,06, 1, 5, 10, 20 mg PFOA/kg body weight/day; 15, 16, 26, 25,
12, 11, 16 dams for 0.1, 0.3, 0.6, 1, 5, 10, 20 mg PFOA/kg body weight/day groups,

respectively
* 1 control group = deionized water; 36 dams
Outcomes 1. Birth weight (g) — pups grouped by sex and weighed at PND1 (day of birth or birth occurred

previous night).
Number of dams analyzed:

e 19,10,7,9,13for 0.1, 0.3, 0.6, 1 mg/kg PFOA groups, respectively
Not included in review: studies of PPARa knockout mouse model; maternal weight and
reproductive outcomes, liver weight in dams and offspring; offspring survival, development, and
growth; serum PFOA in dams and offspring

Notes Author responded to requests for additional information. Raw data provided by study author.
Study authors noted that the 12951/SvimJ strain is more sensitive to PFOA exposure than other
strains, such as CD-1 strain mice. Litter sizes were statistically equal across dose groups up to |
mg/kg PFOA and control groups; incidence of full litter resorption was statistically significantly
higher in 5 mg/kg PFOA groups (83, 80, 100% of dams had full litter resorption for 5, 10, 20
mg/kg PFOA groups, respectively).

15
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Table S10: Characteristics of White et al. 2007 (study ID 566).

Study Element

Description

Methods Mouse developmental toxicological study
Participants Wild-type CD-1 mice
Timed-pregnant GDO animals obtained from supplier
Total number of dams allocated: 60
Exposure Dams treated with PFOA, ammonium salt (CAS# 3825-26-1) via daily gavage for following
time periods during pregnancy: GD1-17, GD8-17, GD12-17.
Exposure groups:
¢ 1 dose groups = 5 mg PFOA/kg body weight/day; 14, 16, 16 dams for GD1-17, GD8-
17, GD12-17 time periods, respectively
e 1 control group = deionized water; 14 dams for GD1-17 time period
Outcomes 1. Birth weight (g) — individual pups weighed at PND1 (day of birth or birth occurred previous
night).
Number of dams analyzed:
¢ 5Smg/kg PFOA: 6, 11, 10 for GD1-17, GD8-17, GD12-17 time periods, respectively
¢ Control: 10 for GD1-17 time periods
Not included in review: maternal weight gain; dam lactating mammary gland development; milk
protein gene expression; blood PFOA concentrations; offspring mammary gland development.
Notes Author responded to requests for additional information. Raw data provided by study author.

Litter sizes and number of uterine implantation sites were statistically equal across doses and
control groups.
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Table S11: Characteristics of Wolf et al. 2007 (study ID 571).

Study Element Description
Methods Mouse developmental toxicological study
Participants Wild-type CD-1 mice

Timed-pregnant GDO animals obtained from supplier
Total number of dams allocated: 182

Exposure Experimental Groups
*  Cross-foster: dams treated with PFOA, ammonium salt (CAS# 3825-26-1) via daily
gavage from GD1-GD17.
¢ Windows of sensitivity: dams treated with PFOA, ammonium salt (CAS# 3825-26-1)
via daily gavage for following time periods during pregnancy: GD7-17, GD10-17,
GD13-17, GD15-17.
Exposure groups:
* 3 dose groups = 3, 5, 20 mg PFOA/kg body weight/day
Cross-foster: 28, 36 dams for 3, 5 mg PFOA/kg body weight/day groups, respectively
Windows of sensitivity:
5 mg PFOA/kg body weight/day: 14, 14, 12, 12 dams for GD7-17, GD10-17, GD13-17,
GD15-17 time periods, respectively
20 mg PFOA/kg body weight/day: 6 dams for GD15-17 time period
* 1 control group = deionized water
Cross-foster: 48 dams
Windows of sensitivity: 12 dams for GD7-17 time period

Outcomes 1. Birth weight (g) — pups grouped by sex and weighed at birth (birth monitored at time intervals
throughout night).
Number of dams analyzed:

¢ Control: 38, 7 for GD1-17, GD7-17 time points, respectively

¢ 3 mg/kg PFOA: 24 for GD1-17 time point

*  Smgkg PFOA: 25, 13, 13, 10, 10 for GD1-17, GD7-17, GD10-17, GD13-17, GD15-17

time points, respectively

¢ 20mg/kg PFOA: 3 for GD15-17 time point
Not included in review: maternal weight; dam reproductive outcomes; dam liver weight; foster
offspring survival, development, and growth; dam and offspring serum PFOA levels.

Notes Author respeonded to requests for additional information. Raw data provided by study author.
Litter sizes were statistically equal across doses and control groups. Incidence of whole litter loss
was statistically significantly increased in the 5 mg/kg PFOA group as compared to other
treatment groups (not caused by litter resorptions as statistically equal number of uterine
implantation sites as compared to control).

17
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Table S12: Characteristics of Lau et al. 2006 (study ID 635).

Study Element Description
Methods Mouse developmental toxicological study
Participants Wild-type CD-1 mice

Timed-pregnant GDO animals obtained from supplier
Total number of dams allocated: Unclear

Exposure Dams treated with PFOA, ammonium salt (CAS# 3825-26-1) via daily gavage from GD1-GD17.
Exposure groups:

e 6dose groups =1, 3, 5, 10, 20, 40 mg PFOA/kg body weight/day

e 1 control group = water

Outcomes 1. Fetal weight (g) — fetuses weighed individually at GD18.
Number of dams analyzed:
e 45,17,17,27,26,42,9dams for 0, 1, 3, 5, 10, 20, 40 mg/kg PFOA groups,
respectively.
2. Birth weight (g) - pups weighed as litter at birth (birth monitored hourly).
Number of dams analyzed:
e 24 8 8 30,26,7for0, 1, 3,5, 10, 20 mg/kg PFOA groups, respectively.
Not included in review: serum PFOA compared for rats and mice; maternal weight gain; dam
reproductive outcomes; fetal teratology; effect on time to parturition; offspring survival;
offspring weight gain; offspring developmental landmarks; benchmark dose estimates.

Notes Author responded to requests for additional information. Raw data provided by study author.
Full litter resorptions were statistically significantly increased in Smg/kg PFOA and higher doses
(100% litter resorption in 40 mg/kg PFOA group). Litter size at birth was statistically
significantly decreased in 20 mg/kg PFOA group.

18
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Table S13: Characteristics of Hinderliter et al. 2005 (study ID 711).

Study Element Description
Methods Rat pharmacokinetic study
Participants Wild-type Sprague-Dawley rats

Timed-pregnant GD1 animals obtained from supplier
Total number of dams allocated: 20

Exposure Dams treated with PFOA, ammonium salt (CAS# 3825-26-1), via daily gavage from GD4-GD21.
Exposure groups:

* 3 dose groups = 3, 10, 30 mg PFOA/kg body weight/day; 20 dams for each dose group

¢ 1 control group = deionized water; 20 dams

Outcomes 1. Birth weight (g) — pups grouped by sex and weighed at PND1 (day when birth complete).
Number of dams analyzed:

* 5 dams for each dose group
Not included in review: mortality; dam weight gain; offspring growth and survival; dam and
offspring PFOA concentration

Notes Author responded to requests for additional information. Published study does not present data on
this outcome; authors provided full industry report performed according to good laboratory
practices (GLP) that included data for birth weight. Litter sizes were statistically equal across
doses and control groups.
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Table S14: Characteristics of Staples et al. 1984 (study ID 1871).

Study Element Description
Methods Rat developmental toxicological study
Participants Wild-type Sprague-Dawley rats

In-house breeding protocel
Total number of dams allocated: 224

Exposure Experimental groups:

¢ Inhalation: dams treated with PFOA, ammonium salt (CAS# 3825-26-1) via daily
inhalation as a dust for 6 hour period from GDG6-15; prenatal and postnatal time points.

*  (Gavage: dams treated with PFOA, ammonium salt (CAS# 3825-26-1) via daily gavage
from GD6-15; prenatal and postnatal time points.

Exposure groups:

e 4 inhalation dose groups = 0.1, 1, 10, 25 mg PFOA/m’
Prenatal time point: 24, 24, 15, 12 dams for 0.1, 1, 10, 25 mg PFOA/m® groups,
respectively
Postnatal time point: 12, 12, 6, 12 dams for 0.1, 1, 10, 25 mg PFOA/m® groups,
respectively

+ 3 inhalation control groups = in-house air only, in-house air pair-fed to 10 mg/m’ dose
group, in-house air pair-fed to 25 mg/m’ dose group
Prenatal time point: 24, 6, 6 dams for in-house air only, pair-fed to 10 mg/m’, and pair-
fed to 25 mg/m3 groups, respectively
Postnatal time peint: 18 dams for in-house air only

¢ 1 gavage dose group = 100 mg PFOA/kg body weight/day
Prenatal time point: 25 dams
Postnatal time point: 12 dams

¢ 1 gavage control group = stripped cormn oil
Prenatal time point: 25 dams
Postnatal tume point: 12 dams

Outcomes 1. Fetal weight (g) — individual fetuses weighed at GD21.
Number of dams analyzed:
¢ Inhalation: 23, 24,23, 15,7,6,5for 0, 0.1, 1, 10, 25 mg PFOA/m’, pair-fed to 10
mg/m’, pair-fed to 25 mg/m’ groups, respectively.
e Gavage: 24, 22 for 0, 100 mg/kg PFOA groups, respectively.
2. Birth weight (g) — individual pups weighed at PND1 (day of birth).
Number of dams analyzed:
¢ Inhalation: 18, 10, 11, 6,9 for 0, 0.1, 1, 10, 25 mg PFOA/MmM® groups, respectively.
e Gavage: 12, 9 for 0, 100 mg/kg PFOA groups, respectively.
Not included in review: fetal teratology; dam body and liver weights; offspring survival; dam
survival, offspring defects.

Notes Study authors contacted to provide additional information, but information could not be obtained
due to length of time since study conducted. Incidence of litter resorptions and litter size at birth
were statistically equal across doses and control groups.
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Table S15: Characteristics of Boberg et al. 2008 (study ID 3061).

Study Element Description
Methods Rat metabolic developmental toxicological study
Participants Wild-type Wistar rats

Timed-pregnant GD3 animals obtained from supplier
Total number of dams allocated: 18

Exposure Dams treated with PFOA (CAS# 333-67-1) via daily gavage from GD7-GD20/21.
Exposure groups:

* 1 dose groups = 20 mg PFOA/kg body weight/day; 8 dams

¢ 1 control group = comn oil; 10 dams

Outcomes 1. Fetal weight (g) — fetuses weighed individually at GD20/21.
Number of dams analyzed:

* 5, 6for 0, 20 mg/kg PFOA groups, respectively.
Not included in review: outcomes for treatment with diisobutyl phthalate and butylparaben;
steroid hormone measurement; plasma levels of metabolic chemicals; mRNA expression;
P450¢17 and PPARYy protein levels in testes.

Notes Author responded to requests for additional information. Raw data provided by study author;

published study does not present data on this outcome. Author noted that “some animals were
sacrificed one day too early for their age. Therefore, in the GD21 group, about one fourth are

GD20 and three fourths are GD217. Study did not discuss fetal mortality.
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Table S16: Characteristics of Onishchenko et al. 2011 (study ID 3610).

Study Element Description
Methods Mouse neurobehavioral developmental toxicological study
Participants Wild-type C57BL/6 mice

In-house breeding protocel
Total number of dams allocated: 16

Exposure Dams treated with PFOA applied to food from GD1-GD20.
Exposure groups:

¢ 1 dose groups = 0.3 mg PFOA/kg body weight/day; 10 dams
¢ 1 control group = food applied with ethanol; 6 dams

Outcomes 1. Birth weight (g) — pups weighed at PND 1 (not clearly defined).
Number of dams analyzed:

¢ 6,9for0, 0.3 mg/kg PFOA groups, respectively.
Not mcluded in review: outcomes from treatment with PFOS; PFOA concentrations in tissues;
locomotor and exploratory activity; circadian activity; anxiety-related behavior; depression-like
behavior; muscle strength; motor coordination

Notes Author responded to requests for additional information. Raw data provided by study author;
published study does not present data on this outcome. The author reported results for a larger
number of PFOA-treated dams than originally allocated in the paper. Results from the study
author do not clearly explain if the body weights are litter averages. Failure to report pertinent
study details resulted in exclusion from quantitative analysis for birth weight outcome, despite
meeting inclusion criteria otherwise. Authors did not specify chemical form of PFOA (assume
CAS# 335-67-1). Litter sizes were statistically equal across doses and control groups.
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Table S17: Characteristics of White et al. 2011 (study ID 3862).

Study Element | Description

Methods Mouse multigenerational developmental toxicological study

Participants Wild-type CD-1 mice
Timed-pregnant GDO animals obtained from supplier
Total number of dams allocated: 33

Exposure Damis treated with PFOA, ammonium salt (CAS# 3825-26-1) via daily gavage from GD1 to
GD17.
Exposure groups:
* 2 dose groups = 1, 5 mg PFOA/kg body weight/day; 12, 11 damsfor 1, 5 mg PFOA/kg
body weight/day groups, respectively.
¢ 1 control group = deionized water; 10 dams

Outcomes 1. Birth weight (g) - F1 pups grouped by sex and weighed at PND1 (day of birth or birth occurred
previous night).
Number of dams analyzed:

* 18,23, 19damsfor 0, 1, 5 mg/kg PFOA groups, respectively.
Not included in review: results for F2 generation; dam weight gain; offspring growth and survival;
mammary development; lactation success; water consumption; serum PFOA

Notes Author responded to requests for additional information. Raw data provided by study author;
published study does not present data on this outcome. Published study included groups treated
with drinking water containing PFOA, but study authors did not provide data for these studies and
stated that only the groups treated via gavage could be compared. The number of uterine
implantation sites was statistically equal across doses and control groups. Litter size at birth and
prenatal survival were statistically significantly decreased in 5 mg/kg PFOA groups.
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Table S18: Characteristics of York 2002 (study ID 5122).

Study Element

Description

Methods

Rat multigenerational developmental toxicological study

Participants

Wild-type Sprague-Dawley rats
Virgin animals obtained from supplier
Total number of dams allocated: 150

Exposure

Dams treated with PFOA, ammonium salt (CAS# 3825-26-1) via daily gavage from 70 days
prior to breeding through lactation.
Exposure groups:
* 4 dose groups = 1, 3, 10, 30 mg PFOA/kg body weight/day; 30 dams for each dose
group
¢ 1 control group = deionized water; 30 dams

Outcomes

1. Birth weight (g) — F1 pups weighed individually at PND1 (day of birth).
Number of dams analyzed:

*  28,27,29,29,28for 0, 1, 3, 10, 30 mg/kg PFOA groups, respectively
Not included in review: duration of gestation; fertility index; number/sex offspring per litter;
number of implantation sites; maternal behavior; necropsy for gross lesions; organ weight and
evaluation

Notes

Author responded to requests for additional information. This study was an industry report
performed according to good laboratory practices (GLP). The report supports papers in peer-
reviewed literature. Litter sizes at birth were statistically equal across doses and control groups.
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Table S19: Characteristics of Hagenaars et al. 2011 (study ID 59).

Study Element | Description

Methods Zebrafish (Danio rerio) developmental toxicological study

Participants Wild-type zebrafish eggs

In-house breeding protocel

Eggs collected 30 min after spawning
Total number of eggs allocated: 368

Exposure Eggs immersed in PFOA (CAS# 335-67-1) test solutions within 60 min after spawning and
continuously treated until 120 hours post fertilization (hpf). Hatching typically occurs at 72 hpf.
Exposure Groups:
¢ 8 dose groups = 15, 20, 30, 40, 50, 75, 100, 250 mg PFOA/L freshwater; 40 eggs each
* | control group = freshwater; 48 eggs

Outcomes 1. Length (mm) - individual zebrafish embryos measured at 120 hpf. Number of zebrafish
embryos analyzed:
s 34,36, 32, 33, 30, 33, 33, 31, 30 for control, 15, 20, 30, 40, 50, 75, 100, 250 mg
PFOA/L freshwater groups, respectively
Not mcluded in review: outcomes for treatment with PFOS, PFBS, and PFBA; concentration-
response relationship; malformations; hatching rate; heart rate; correlation heart rate and length.

Notes Author responded to requests for additional information. Raw data provided by study author
(including 15, 20 mg PFOA/L doses not presented in paper). PFOA induced mortality at highest
doses in dose-dependent manner (calculated EC5, 205.72 mg PFOA/L). Embryo hatching
statistically significantly delayed in 50 mg PFOA/L and higher dose groups.
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Table S20: Characteristics of Wang et al. 2010 (study ID 86).

Study Element Description
Methods Fruit fly (Drosophila melanogaster) developmental toxicological study
Participants Wild-type flies (W118 stock)

In-house breeding protocel
Total number of female flies allocated (larvae stage): 300
Total number of female flies allocated (pupae stage): Unclear

Exposure Experimental groups:
¢ Larvae: one-day-old female flies allowed to lay eggs for 2 hours in vials containing
food with PFOA, ammonium salt (CAS# 3825-26-1). Eggs hatched and developed on
media and larvae were collected at 30, 48, 72, 96, and 110 hours after egg laying
(AEL).
¢ Pupae: same regimen as above. Larvae allowed to develop to white pupae stage.
Exposure groups:
¢ 2 dose groups = 100, 500 uM PFOA in food
Larvae group: 20 female flies/dose, for each time point
Pupae group: Unclear how many female flies originally allocated
¢ 1 control group = untreated food
Larvae group: 20 female flies for each time point
Pupae group: Unclear how many female flies originally allocated

Outcomes 1. Larval volume (arbitrary units) — calculated based on individual measurements of length and
diameter.
Number of larvae analyzed:
e Control: 10, 23, 30, 31, 28 for 30, 48, 72, 96, 110 AEL groups, respectively
* 100 pM PFOA in food: 15, 20, 26, 33, 33 for 30, 48, 72, 96, 110 AEL groups,
respectively
¢ 500 uM PFOA in food: 14, 15, 46, 25, 29 tor 30, 48, 72, 96, 110 AEL groups ,
respectively
2. Pupae weight (g) — individual pupae weights.
Number of pupae analyzed:
e 38,35, 25 for control, 100, 500 uM PFOA m food groups, respectively
Not included in review: lifespan, behavior, numbers of emerging progeny, lethality,
developmental progress, effects of nutrient supplementation

Notes Author responded to requests for additional information. Raw data provided by study author
(including length measurements plotted for analysis). Emergence of progeny was statistically

significantly reduced in both PFOA dose groups (24% and 73% decrease compared to control
group tor 100, 500 uM PFOA in food groups, respectively).
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Table S21: Characteristics of Pinkas et al. 2010 (study ID 187).

Study Element Description
Methods Chicken neurodevelopmental toxicological study
Participants Cobb I chicken broiler strain (Gallus gallus domesticus)

Fertile heterogeneous stock eggs obtained from supplier
Total number of eggs allocated: Unclear

Exposure Eggs injected with PFOA (CAS# 335-67-1) at incubation day 0.
Exposure groups:

e 2 dose groups =5, 10 mg PFOA/kg egg

e | control group = saline

Outcomes 1. Hatchling weight (g) — individual hatchlings weighed 24 hours after hatching.
Number of hatchlings analyzed:

e 30,12, 10 for contrel, 5, 10 mg PFOA/kg egg groups, respectively
Not included in review: outcomes from treatment with PFOS; hatching and survival;
morphological and functional scores; imprinting scores; protein kinase C concentrations in the
intermedial part of the hyperstriatam ventrale

Notes Author responded to requests for additional information. Study author provided data estimates
used to create figure in paper. On incubation day 19, survival of embryos was statistically
significantly reduced (approx 45-55%) in the PFOA treated groups as compared to controls;
hatching was statistically significantly reduced (70-80%) compared to controls.
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Table S22: Characteristics of O’Brien et al. 2009 (study ID 236).

Study Element Description
Methods Chicken developmental toxicological study
Participants White leghorn chicken (Gallus gallus domesticus)

Eggs obtained from supplier
Total number of eggs allocated: 120

Exposure Eggs injected with PFOA at incubation day 0.

Exposure groups:
e 4dose groups =0.01, 0.1, 1, 10 mg PFOA/kg egg; 20 eggs for each dose group
e 2 control groups = uninjected, DMSO; 20 eggs for each control group

Qutcomes 1. Embryo weight (g) — individual embryos weighed at pipping star or day 22, whichever came
first.
Number of embryos analyzed:
e 12,18, 17,15, 16, 15 for uninjected, DMSO only, 0.01, 0.1, 1, 10 mg PFOA/kg egg egg
groups, respectively
Not included in review: outcomes from treatment with PFUdJA and PFDS; pipping success;
hepatic PFC concentrations; mRNA expression

Notes Author responded to requests for additional information. Raw data provided by study author;
published study does not present data on this outcome. Authors did not specify chemical form of
PFOA (assume CAS# 335-67-1). Pipping success and developmental stage at embryo death were
statistically equal across doses and control groups.

28

ED_002330_00119050-00041



Table S23: Characteristics of Jiang et al. 2012 (study ID 3926).

Study Element Description
Methods Chicken developmental toxicological study
Participants Chicken (Gallus gallus)

Fertile stock eggs obtained from supplier
Total number of eggs allocated: 176

Exposure Experimental groups:
¢ Embryonic time point: eggs injected with PFOA at incubation day 0.
*  Hatchling time point: eggs injected with PFOA at incubation day 0.
Exposure groups:
¢ 3 dose groups =0.5, 1, 2 mg PFOA/kg egg
Embryonic time point: 10, 12, 9 eggs for 0.5, 1, 2 mg PFOA/kg egg groups,
respectively.
Hatchling time point: 22, 23, 24 eggs for 0.5, 1, 2 mg PFOA/kg egg groups,
respectively.
e 2 control groups = uninjected, sunflower oil
Embryonic time point: 10, 9 eggs for uninjected, sunflower oil groups, respectively.
Hatchling time point: 36, 21 eggs for uninjected, sunflower oil groups, respectively.

Outcomes 1. Yolk free body weight (g)
Embyronic time point: individual embryos removed from eggs and weighed at embryonic day
19.
Number of embryos analyzed:
e 9 8,7, 9,7 for uninjected, sunflower oil only, 0.5, 1, 2 mg PFOA/kg egg groups,
respectively
Hatchling time point: individual hatchlings weighed 16-24 hours after hatching.
Number of hatchlings analyzed (same hatchlings used to examine crown to rump length outcome

described below):
26,10, 11, 12, 9 for uninjected, sunflower oil only, 0.5, 1, 2 mg PFOA/kg egg groups,
respectively

2. Crown to rump length (mm)

Hatchling time point: individual hatchlings measured 16-24 hours after hatching - see above for
number of hatchlings analyzed.

Not included in review: embryo and hatchling heart weight; embryo and hatchling liver weight;
embryo and hatchling mortality; hatchability; embryo cardiac morphology; hatchling cardiac
ultrasound; hatchling cardiac myofibril ATPase; hatchling serum PFOA concentration

Notes Author responded to requests for additional information. Raw data provided by study author.
Authors did not specify chemical form of PFOA (assume CAS# 335-67-1). In embryos,
mortality was statistically significantly increased in 2 mg PFOA/kg egg group (76% increase
compared to control). In hatchlings, mortality and hatching were statistically equal across doses
and control groups.
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Table S24: Characteristics of Spachmo and Arukwe 2012 (study ID 3932).

Study Element Description
Methods Salmon endocrine and developmental toxicological study
Participants Atlantic salmon (Salmo salar)

Eggs obtained from supplier
Total number of eggs allocated: Unclear

Exposure Eggs exposed to PFOA in water through day 48. Hatching occurred at day 20. Larvae were
collected at days 21, 35, 49, and 56.
Exposure groups:

¢ 1 dose groups = 100 ug PFOA/L water

¢ 1 control group = water with carrier solvent (methanol)

Outcomes 1. Length (cm) - larvae measured using microscope with ruler and digital camera.

Number of larvae analyzed (same larvae used to examine dry weight outcome described below):
* 10 randomly selected larvae for each time point and dose group

2. Dry weight (g) — larvae dried in heat cabinet and weighed using a micro-weight scale - see

above for number of larvae analyzed.

Not included in review: outcomes from treatment with PFOS; bone development; effects on

HTP-axis; effects on ER expression; effects on GH-IGF axis; effects on chondrogenic and

osteogenic pathways

Notes Authors did not respond to requests for additional information. Authors did not specify chemical
form of PFOA (assume CAS# 335-67-1). Data estimates for figures presented in the published
paper were obtained using an online digital ruler. Study did not discuss survival.
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Table S25: Risk of bias summary of Hu et al. 2010 (study ID 68).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably high risk Randomization scheme not discussed; adequate randomization
is not standard protocol for these types of experiments.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.

Incomplete outcome data | Low risk Based on author response, dams and offspring were adequately
followed; author reported numbers allocated.

Selective reporting Low risk Outcomes outlined in abstract/methods section of paper were

reported in results section; “n” provided by author; raw data
provided by author.

Conflict of interest Probably low risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. However, no claim denying conflicts of interest was
made.

Other bias Low risk No other potential biases are suspected.
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Table S26: Risk of bias summary of Yahia et al. 2010 (study ID 103).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably high risk Randomization scheme not discussed; adequate randomization
is not standard protocol for these types of experiments.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.

Incomplete outcome data | Probably high risk Dams were not adequately followed; offspring mortality

reported; numbers allocated not reported.

Selective reporting Probably high risk Neonatal weight outcome reported in results section of paper,
but not pre-specified in methods section; time point of weight
measurement not reported; adequate “n” reported for neonate
outcomes;, average values reported for fetal outcome so can
calculate “n” analyzed.

Conflict of interest Probably low risk Funding source not stated, but associated persons appear to be
from government and/or academia only and free of financial
interests in study results. However, no claim denying conflicts
of interest was made.

Other bias Low risk No other potential biases are suspected.
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Table S27: Risk of bias summary of Hines et al. 2009 (study ID 260).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk Mice were “randomly distributed among treatment groups™,
although details of random sequence generation were not
discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard

protocol for these types of experiments.

Incomplete outcome data | Probably low risk Based on author response, dams were adequately followed;
offspring mortality not reported, but noted that losses
equivalent between groups; author reported mumbers allocated.

Selective reporting Probably low risk Author reported different numbers allocated than reported in
paper and noted that a figure in the paper displayed male and
female weights even though the legend specifies female

weights only; “n” provided by author; raw data provided by
author,

Conflict of interest Probably high risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. However, acknowledgement was made to employee
from company financially invested in PFOA (Dow) for
“constructive input on this manuscript” and no claim denying
conflicts of interest was made.

Other bias Low risk No other potential biases are suspected.
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Table S28: Risk of bias summary of Fenton et al. 2009 (study ID 264).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk Mice were “were weighed and randomly distributed among
PFOA treatment groups”, although details of random sequence
generation were not discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.
Blinding Probably high risk Blinding not discussed; adequate blinding is not standard

protocol for these types of experiments.

Incomplete outcome data | Probably high risk Based on author response, offspring mortality not assessed;
dams were adequately followed; weighed one pup per litter;
numbers allocated reported.

Selective reporting Probably low risk Author reported that one pup per litter included in weight
outcome, but this was not clearly stated in paper; “n” provided
by author; raw data provided by author.

Conflict of interest Low risk Funding source not stated, but associated persons appear to be
from government and/or academia only and free of financial
interests in study results. “The author declares that there are no
conflicts of interest.”

Other bias Low risk No other potential biases are suspected.
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Table S29: Risk of bias summary of White et al. 2009 (study ID 312).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk “Upon arrival at the animal facility on GD 0, mice were
weighed and randomly assigned to one of two treatment
groups”, although details of random sequence generation were
not discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.
Blinding Probably high risk Blinding not discussed; adequate blinding is not standard

protocol for these types of experiments.

Incomplete outcome data | Probably high risk Based on author response, offspring were adequately followed;
only reported on results from 3 pups weighed from each of 4
dams (56 allocated/group); numbers allocated reported.

Selective reporting Low risk Outcomes outlined in abstract/methods section of paper were
reported in results section; adequate “n” reported; raw data
provided by author.

Conflict of interest Probably high risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. “The authors declare that there are no conflicts of
interest.” However, company financially invested in PFOA
(3M) provided analysis of PFOA chemical used in study.

Other bias Low risk No other potential biases are suspected.

ED_002330_00119050-00048



Table S30: Risk of bias summary of Abbott et al. 2007 (study ID 528).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk “Plug positive female mice were weighed, randomly assigned
to treatment groups”, although details of random sequence
generation were not discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.
Blinding Probably high risk Blinding not discussed; adequate blinding is not standard

protocol for these types of experiments.

Incomplete outcome data | Low risk Based on author response, dams and offspring were adequately
followed; author reported numbers allocated.

Selective reporting Low risk Outcomes outlined in abstract/methods section of paper were

reported in results section; “n” provided by author; raw data
provided by author.

Conflict of interest Probably low risk Funding source not stated, but associated persons appear to be
from government and/or academia only and free of financial
interests in study results. However, no claim denying conflicts
of interest was made.

Other bias Low risk No other potential biases are suspected.
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Table S31: Risk of bias summary of White et al. 2007 (study ID 566).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk “Animals were weighed upon arrival and randomly distributed
among four treatment groups”, although details of random
sequence generation were not discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.

Incomplete outcome data | Low risk Based on author response, dams and offspring were adequately
followed; numbers allocated reported.

Selective reporting Low risk Outcomes outlined in abstract/methods section of paper were

reported in results section; “n” provided by author; raw data
provided by author.

Conflict of interest Probably low risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. However, no claim denying conflicts of interest was
made.

Other bias Low risk No other potential biases are suspected.
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Table S32: Risk of bias summary of Wolf et al. 2007 (study ID 571).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk “Upon arrival at the animal facility, mice were weighed and
randomly assigned”, although details of random sequence
generation were not discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.
Blinding Probably high risk Blinding not discussed; adequate blinding is not standard

protocol for these types of experiments.

Incomplete outcome data | Low risk Dams and offspring were adequately followed, numbers
allocated reported.

Selective reporting Low risk Outcomes outlined in abstract/methods section of paper were

reported in results section; “n” provided by author; raw data
provided by author.

Conflict of interest Probably high risk Funding source not stated, but associated persons appear to be
from government and/or academia only and free of financial
interests in study results. However, company financially
invested in PFOA (3M) provided analysis of PFOA chemical
used in study and no claim denying conflicts of interest was
made.

Other bias Low risk No other potential biases are suspected.
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Table S33: Risk of bias summary of Lau et al. 2006 (study ID 635).

Bias domain Authors’ judgment Support for judgment

Sequence generation High risk “Animals were randomly assigned to treatment groups”.
Author noted that mice were ranked according to weight at
arrival then assigned evenly to each group at “random” but that
a component such as a random number generator was not used
in the sequence generation process.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.
Blinding Probably high risk Blinding not discussed; adequate blinding is not standard

protocol for these types of experiments.

Incomplete outcome data | Probably low risk Dams and offspring were adequately followed, numbers
allocated not reported.

Selective reporting Probably low risk Outcomes outlined in abstract/methods section of paper were
reported in results section; adequate “n” provided by author for
fetal and birth outcomes (pups per litter provided as range).

Conflict of interest Probably high risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. However, company financially invested in PFOA (3M)
provided analysis of PFOA chemical used in study and no
claim denying conflicts of interest was made.

Other bias Low risk No other potential biases are suspected.
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Table S34: Risk of bias summary of Hinderliter et al. 2005 (study ID 711).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk “Dams were ranked on... body weights and assigned to control
and experimental groups by random sampling from the ranked
list...Rats in each group were then randomly assigned to each
subset”, although details of random sequence generation were
not discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.

Incomplete outcome data | Low risk Based on author response, dams and pups were adequately
followed; numbers allocated reported.

Selective reporting Low risk Weight outcome outlined in methods section of paper, but not
reported in results section; however, detailed outcome data

presented in report provided by author; “n” provided by author;
raw data provided by author.

Conflict of interest High risk Du Pont and 3M sponsored study and authors were employed
by companies.

Other bias Low risk No other potential biases are suspected.
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Table S35: Risk of bias summary of Staples et al. 1984 (study ID 1871).

Bias domain Authors’ judgment Support for judgment

Sequence generation High risk Females were ranked within breeding days by body weight and
assigned to groups by rotating in order of rank.

Allocation concealment | High risk Females were allocated by rotation.

Blinding Probably low risk “To limit possible bias in the examination of maternal and fetal

specimens, the dams were coded (group designation unknown
to examiner) from just before sacrifice until all maternal and
fetal data were collected”; unclear if applies to birth outcomes.

Incomplete outcome data | Low risk Dams and offspring were adequately followed, numbers
allocated reported.

Selective reporting Probably low risk Outcomes outlined in abstract/methods section of paper were
reported in results section; average values reported so can
calculate “n” analyzed.

Conflict of interest High risk Du Pont sponsored study and authors were employed by the
company.
Other bias Low risk No other potential biases are suspected.
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Table S36: Risk of bias summary of Boberg et al. 2008 (study ID 3061).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk “The dams were randomized into seven groups of eight with
similar body weight distributions”, although details of random
sequence generation were not discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.

Incomplete outcome data | Low risk Based on author response, dams and pups were adequately
followed; numbers allocated reported.

Selective reporting Probably low risk Author reported different numbers allocated than reported in
paper; weight outcome pre-specified in methods section of
paper and reported as “data not shown” in results section;
however, detailed outcome data provided by author; “n”
provided by author; raw data provided by author.

) i [ 1 es , I8 A ssOci s SO S e e
Conflict of mnterest Low risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. Authors claim “none” for conflicts of interest.

Other bias Low risk No other potential biases are suspected.
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Table S37: Risk of bias summary of Onishchenko et al. 2011 (study ID 3610).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably high risk Randomization scheme not discussed; adequate randomization
is not standard protocol for these types of experiments.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.

Incomplete outcome data | Probably high risk Dams and offspring were not adequately followed, but noted
“litter size and sex ration were similar in control and exposed
groups”™; number allocated reported, but author provided data
for more dams than allocated.

Selective reporting Probably high risk Weight outcome reported in results section of paper, but not
pre-specified in methods section; “n” provided by author, but
unclear if pup number or dam number and greater than
numbers allocated in paper; author provided raw data.

Conflict of interest Probably low risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. However, no claim denying conflicts of interest was
made.

Other bias Low risk No other potential biases are suspected.
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Table S38: Risk of bias summary of White et al. 2011 (study ID 3862).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk “Timed pregnant dams were randomly distributed among five
treatment groups”, although details of random sequence
generation were not discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.

Incomplete outcome data | Low risk Dams and offspring were adequately followed, numbers
allocated reported, but author provided different numbers
allocated.

Selective reporting Probably low risk Author reported different numbers allocated than reported in

paper; weight outcome outlined in methods section paper, but
not reported in results section; however, detailed outcome data
provided by author; “n” provided by author; raw data provided
by author.

Conflict of interest Low risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. “The authors declare they have no actual or potential
competing financial interests.”

Other bias Low risk No other potential biases are suspected.
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Table S39: Risk of bias summary of York 2002 (study ID 5122).

Bias domain Authors’ judgment Support for judgment

Sequence generation Low risk “Upon arrival parental generation rats will be assigned to
individual housing on the basis on computer-generated random
units... The rats will be assigned to dosage groups based on
computer-generated (weight-ordered) randomization

procedures.”
Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.
Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.
Incomplete outcome data | Low risk Dams and offspring were adequately followed, numbers
allocated reported.
Selective reporting Low risk Outcomes outlined in abstract/methods section of paper were
reported in results section; adequate “n” reported.
Conflict of interest High risk 3M sponsored study and authors were employed by company.
Other bias Low risk No other potential biases are suspected.
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Table S40: Risk of bias summary of Hagenaars et al. 2011 (study ID 59).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably high risk Randomization scheme not discussed; adequate randomization
is not standard protocol for these types of experiments.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.

Incomplete outcome data | Low risk Hatchability and mortality reported; numbers allocated
reported.

Selective reporting Probably low risk Author reported different numbers allocated than reported in

paper; “n” provided by author; raw data provided by author.

Conflict of interest Probably low risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. However, no claim denying conflicts of interest was
made.

Other bias Low risk No other potential biases are suspected.
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Table S41: Risk of bias summary of Wang et al. 2010 (study ID 86).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk “Cohorts of ... flies were assigned randomly into vials”™;, unclear
if applies to growth outcomes; details of random sequence
generation were not discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.

Incomplete outcome data | Probably high risk Hatchability and mortality not reported; only subset of
treatment group analyzed for outcome; numbers allocated
reported.

Selective reporting Probably low risk Pupae weight outcome reported in results section of paper, but

[T

not pre-specified in methods section; “n” provided by author;
raw data provided by author.

Conflict of interest Probably low risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. However, no claim denying conflicts of interest was
made.

Other bias Low risk No other potential biases are suspected.
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Table S42: Risk of bias summary of Pinkas et al. 2010 (study ID 187).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably high risk Randomization scheme not discussed; adequate randomization
is not standard protocol for these types of experiments.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard
protocol for these types of experiments.

Incomplete outcome data | Probably low risk Hatchlings were adequately followed; numbers allocated not
reported.

Selective reporting Probably high risk Weight outcome reported in results section paper, but not pre-

specified in methods section; adequate “n” reported.

Conflict of interest Low risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. “No author has any conflict of mnterest to disclose.”

Other bias Low risk No other potential biases are suspected.
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Table S43: Risk of bias summary of O’Brien et al. 2009 (study ID 236).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably low risk “Eggs were randomly distributed among 4 dose groups™,
although details of random sequence generation were not
discussed.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably high risk Blinding not discussed; adequate blinding is not standard

protocol for these types of experiments.

Incomplete outcome data | Low risk Based on author response, embryos were adequately followed;
numbers allocated reported.

Selective reporting Low risk Weight outcome outlined in methods section paper, but not
reported in results section; however, detailed outcome data
provided by author; “n” provided by author; raw data provided
by author.

Conflict of interest Low risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study
results. “The authors declare that there are no conflicts of
interest.”

Other bias Low risk No other potential biases are suspected.
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Table S44: Risk of bias summary of Jiang et al. 2012 (study ID 3926).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably high risk “Eggs were...given ID numbers, and evenly distributed by
weight among doses”; adequate randomization is not standard
protocol for these types of experiments.

Allocation concealment | Probably low risk Eggs “given 1D numbers” before allocation so there may have
been allocation concealment, but not explicitly stated.
Blinding Probably low risk Eggs were “given ID numbers” so blinding may have been

applied, but not explicitly stated.

Incomplete outcome data | Probably high risk Hatching and mortality reported, but authors noted mortality
not carefully tracked for all eggs included in outcome
measurement; author reported numbers allocated.

Selective reporting Probably low risk Weight and length outcomes reported in results section of

paper, but not pre-specified in methods section; “n” provided
by author; raw data provided by author.

Selective reporting Probably low risk Weight and length outcomes reported in results section of
paper, but not pre-specified in methods section; “n” provided
by author; raw data provided by author.

Contflict of interest Low risk Funding source not stated, but associated persons appear to be
from government and/or academia only and free of financial
interests in study results. “No conflicts of interest.”

Other bias Low risk No other potential biases are suspected.
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Table S45: Risk of bias summary of Spachmo and Arukwe 2012 (study ID 3932).

Bias domain Authors’ judgment Support for judgment

Sequence generation Probably high risk Randomization scheme not discussed; adequate randomization
is not standard protocol for these types of experiments.

Allocation concealment | Probably high risk Allocation concealment not discussed; adequate concealment is
not standard protocol for these types of experiments.

Blinding Probably low risk “All cardiac and bone measurements were performed blind
with respect to treatment and sampling.” Unclear if applies to
weight outcome.

Incomplete outcome data | High risk Mortality not reported; only subset of treatment group analyzed
for outcome; numbers allocated not reported.

Selective reporting Low risk Outcomes outlined in abstract/methods section of paper were
reported in results section; adequate “n” reported.

Conflict of interest Probably low risk Associated funds and persons appear to be from government
and/or academia only and free of financial interests in study

results. However, no claim denying conflicts of interest was

made.

Other bias Low risk No other potential biases are suspected.

ED_002330_00119050-00064



Table S46: 95% Confidence interval estimates for mammalian fetal weight measurements, for

each tested dose of PFOA (see Figure SA).

Source [source ID] Species Route of PFOA Lower Upper
Exposure dose” bound bound
Yahia et al. 2010 [103] Mouse Gavage 1* 0.03 0.09
5% -0.17 -0.11
10%* -0.44 -0.38
Fenton et al. 2009 [264] Mouse Gavage 0.1 -0.08 0.44
1 0.04 0.64
5 -0.22 0.36
Lau et al. 2006 [635]" Mouse Gavage 1 -0.14 0.00
3 -0.11 0.07
5 -0.11 0.07
10* -0.18 0.04
20% -0.41 0.03
Staples et al. 1984 [1871] Rat Gavage 100 0.02 0.38
Boberg et al. 2008 [3061] Rat Gavage 20 -0.85 1.35
Staples et al. 1984 [1871] Rat Inhalation 0.1 mg/m’ -0.23 0.03
1 mg/m’ -0.21 0.01
10 mg/m’ -0.26 0.06
25 mg/m* -0.65 0.15

The confidence intervals are for the difference in means comparing each dose group to the control. These were

calculated by us based on the information available to us (mean and standard error estimates). Asterisks indicate

statistically significant (p<0.05) difference in response compared to control group, as reported by the study authors.

The information available to us differed from that available to the study authors, and statistical tests used varied by

study; therefore there is not a one-to-one correspondence with the confidence intervals as calculated by us and the p-

values reported by the study authors.

“mg/kg BW/day, unless otherwise specified. "40 mg/kg BW/day group not shown because fetal weight was not

measured (all offspring deceased).
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Table S47: 95% Confidence interval estimates for mammalian birth weight measurements, for

each tested dose of PFOA (see Figure 5B).

Source [source ID] Species Route of PFOA Lower Upper

Exposure dose” bound bound
Hu et al. 2010 [68] Mouse Drinking water 0.5% -0.23 0.05
1* -0.33 -0.01
Onishchenko et al. 2011 [3610] Mouse Food 0.3 -0.03 0.13
Yahia et al. 2010 [103] Mouse Gavage 1 0.00 0.06
5* -0.17 -0.09
10%* -0.51 -0.43
Hines et al. 2009 [260] Mouse Gavage 0.01 -0.16 0.08
0.1 -0.19 0.03
0.3 -0.21 0.05
1 -0.19 0.03
5% -0.30 -0.02
Fenton et al. 2009 [264] Mouse Gavage 0.1 -0.68 -0.04
1 -0.24 0.20
5 -0.27 0.23
White et al. 2009 [312] Mouse Gavage 5 -0.33 -0.01
Abbott et al. 2007 [528] Mouse Gavage 0.1 -0.04 0.14
0.3 -0.11 0.13
0.6 -0.10 0.08
1 -0.12 0.06
White et al. 2007 [566] Mouse Gavage 5% -0.21 -0.01
Wolf et al. 2007 [571b]" Mouse Gavage 5% -0.17 0.03
20% -0.34 -0.10
Wolf et al. 2007 [571a]° Mouse Gavage 3 -0.14 0.02
S5* -0.21 -0.07
Lau et al. 2006 [635] Mouse Gavage 1 -0.10 0.12
3 -0.10 0.16
5 -0.14 0.00
10 -0.31 -0.11
20% -0.57 -0.17
White et al. 2011 [3862] Mouse Gavage 1 -0.11 0.01
S5* -0.22 -0.08
Hinderliter et al. 2005 [711] Rat Gavage 3 -0.30 0.78
10 -0.17 0.73
30 -0.01 1.01
Staples et al. 1984 [1871] Rat Gavage 100 -0.51 0.31
York 2002 [5122] Rat Gavage 1* -0.56 -0.06
3 -0.30 0.24
10 -0.34 0.14
30% -0.80 -0.26
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Source [source ID] Species Route of PFOA Lower Upper
Exposure dose” bound bound
Staples et al. 1984 [1871] Rat Inhalation 0.1 mg/m’ -0.21 0.61
1 mg/m’ -0.51 031
10 mg/m® -0.70 0.30
25 mg/m™* -1.06 -0.34

The confidence intervals are for the difference in means comparing each dose group to the control. These were

calculated by us based on the information available to us (imean and standard error estimates). Asterisks indicate

statistically significant (p<0.05) difference in response compared to control group, as reported by the study authors.

The information available to us differed from that available to the study authors, and statistical tests used varied by

study; therefore there is not a one-to-one correspondence with the confidence mtervals as calculated by us and the p-

values reported by the study authors.

“mg/kg BW/day, unless otherwise specified. "Study split into 2 datasets; a) cross foster (exposure GD1-17); b)

windows of sensitivity (exposure groups GD7-17, GD10-17, GD13-17, GD15-17),
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Table S48: 95% Confidence interval estimates for non-mammalian weight measurements, for

each tested dose of PFOA (see Figure 6A).

Source [source ID] Species Route of PFOA dose Lower Upper
Exposure bound bound
Pinkas et al. 2010 [187] Chicken | Egg Injection 5 mg/kg egg -2.68 2.28
10 mg/kg egg -2.14 3.94
O’Brien et al. 2009 [236]* Chicken | Egg Injection 0.01 mg/kg egg -1.50 1.72
0.1 mg/kg egg -0.26 3.20
1 mg/kg egg -0.80 2.22
10 mg/kg egg 0.10 3.24
Jiang et al. 2012 [3926a]" Chicken | Egg Injection 0.5 mg/kg egg -0.60 7.80
1 mg/kg egg -1.29 529
2 mg/kg egg -2.09 6.69
Tiang et al. 2012 [3926b]° Chicken | Egg Injection 0.5 mg/kg egg -3.88 1.48
1 mg/kg egg -2.08 2.28
2 mg/kg egg -2.10 5.10
Wang et al. 2010 [86] Fruit fly Food 100 uM* -1.64x10° | 3.64x107
500 uM* 2.27x10" | -1.53x10™
Spachmo and Arukwe 2012 [3932]* | Salmon | Eggimmersion | 100 pg/L water -0.07 0.01

The contidence intervals are for the difference in means comparing ecach dose group to the control. These were

calculated by us based on the information available to us (mean and standard error estimates). Asterisks indicate

statistically significant (p<0.05) difference in response compared to control group, as reported by the study authors.

The information available to us differed from that available to the study authors, and statistical tests used varied by

study; therefore there is not a one-to-one correspondence with the confidence intervals as calculated by us and the p-

values reported by the study authors.

“Study did not test for statistical significance. "Study split into 2 datasets based on time of outcome measurement a)

embryonic day 19; b) 16-24 hours post hatching.
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Table S49: 95% Confidence interval estimates for non-mammalian length measurements, for

each tested dose of PFOA (see Figure 6B).

Source [source ID] Species Route of PFOA dose Lower | Upper
Exposure bound bound
Jiang et al. 2012 [3926] Chicken Egg injection 0.5 mg/kg egg -0.77 1.23
1 mg/kg egg -0.71 1.27
2 mg/kg egg -1.28 0.42
Wang et al. 2010 [86] Fruit fly Food 100 uM* -0.37 -0.04
500 uM* -0.66 -0.24
Spachmo and Arukwe 2012 [3932]° Salmon Egg immersion 100 ng/L. water -0.09 0.17
Hagenaars et al. 2011 [59] Zebrafish Egg immersion 15 mg/L. water -0.08 0.20
20 mg/L. water -0.09 0.21
30 mg/L water*® -0.22 0.06
40 mg/LL water*® -0.21 0.07
50 mg/L water*® -0.23 0.07
75 mg/LL water*® -0.30 0.00
100 mg/L water®* | -0.42 -0.14
250 mg/L water* | -0.69 -0.43

The confidence intervals are for the difference in means comparing each dose group to the control. These were

calculated by us based on the information available to us (mean and standard error estimates). Asterisks indicate

statistically significant (p<0.05) difference in response compared to control group, as reported by the study authors.

The imnformation available to us differed from that available to the study authors, and statistical tests used varied by

study; therefore there is not a one-to-one correspondence with the confidence intervals as calculated by us and the

p-values reported by the study authors.

*Study did not test for statistical significance.
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Instructions for making risk of bias determinations

1. Sequence generation

Was the allocation sequence adequately generated?

Criteria for a judgment of “YES’ (i.e. low risk of bias):
The investigators describe a random component in the sequence generation process such as:
* Referring to a random number table;
e Using a computer random number generator;
* Coin tossing;
e Shuftling cards or envelopes;
e Throwing dice;
* Drawing of lots.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There is insufficient information about the sequence generation process to permit a judgment of
‘YES’, but there is indirect evidence that suggests the sequence generation process was random,
as described by the criteria for a judgment of “YES’.

Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

There 1s insufficient information about the sequence generation process to permit a judgment of
‘NO’, but there 1s indirect evidence that suggests a non-random component in the sequence
generation process, as described by the criteria for a judgment of ‘NO’.

Criteria for the judgment of “NO’ (i.e. high risk of bias):

The investigators describe a non-random component in the sequence generation process or that a
random component was not used. Usually, the description would involve some systematic, non-
random approach, for example:

* Sequence generated by date of birth;

e Sequence generated by some rule based on date (or day) of arrival at facility;

e Sequence generated by some rule based on record number.
Other non-random approaches happen much less frequently than the systematic approaches
mentioned above and tend to be obvious. They usually involve judgment or some method of non-
random categorization of animals, for example:

* Allocation by judgment of the investigator;

* Allocation by availability of the intervention.
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Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to study):

There is evidence that sequence generation is not an element of study design capable of
introducing risk of bias in the study.

2. Allocation concealment

Was allocation adequately concealed?
Criteria for a judgment of ‘YES’ (i.e. low risk of bias):

Investigators could not foresee assignment because one of the following, or an equivalent
method, was used to conceal allocation:
e Sequentially numbered treatment containers of identical appearance to control; or
* Sequentially numbered prepared route of administration (e.g., pre-prepared water
dosed with chemical) of identical appearance; or
* Sequentially numbered, opaque, sealed envelopes.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There is insufficient information about allocation concealment to permit a judgment of “YES’,
but there is indirect evidence that suggests the allocation was adequately concealed, as described
by the criteria for a judgment of ‘YES’.

Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

There 1s insufficient information about allocation concealment to permit a judgment of “NO’, but
there is indirect evidence that suggests the allocation was not adequately concealed, as described
by the criteria for a judgment of ‘NO’.

Criteria for the judgment of *“NO’ (i.e. high risk of bias):

Investigators handling experimental animals could possibly foresee assignments and thus
introduce selection bias, such as allocation based on:

* Using an open random allocation schedule (e.g. a list of random numbers); or

* Assignment envelopes were used without appropriate safeguards (e.g. if

envelopes were unsealed or non-opaque or not sequentially numbered); or

* Alternation or rotation; or

* Non-random and known criteria, such as date of birth; or

¢ Record number; or

* Any other explicitly unconcealed procedure.
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Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to study):

There is evidence that allocation concealment is not an element of study design capable of
introducing risk of bias in the study.

3. Blinding of personnel and outcome assessors

Was knowledge of the allocated interventions adequately prevented during the study?
Criteria for a judgment of ‘YES’ (i.e. low risk of bias):

Any one of the following:
* No blinding, but the review authors judge that the outcome and the outcome
measurement are not likely to be influenced by lack of blinding; or
e Blinding of key study personnel ensured, and unlikely that the blinding could
have been broken; or
* Some key study personnel were not blinded, but outcome assessment was blinded
and the non-blinding of others unlikely to introduce bias.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There is insufficient information about blinding to permit a judgment of ‘YES’, but there is
indirect evidence that suggests the study was adequately blinded, as described by the criteria for
a judgment of ‘“YES’.

Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

There 1s insufficient information about blinding to permit a judgment of ‘“NO’, but there 1s
indirect evidence that suggests the study was not adequately blinded, as described by the criteria
for a judgment of “NO’.

Criteria for the judgment of “NO’ (i.e. high risk of bias):

Any one of the following:
* No blinding or incomplete blinding, and the outcome or outcome measurement is
likely to be influenced by lack of blinding; or
* Blinding of key study personnel attempted, but likely that the blinding could have
been broken; or
e Some key study personnel were not blinded, and the non-blinding of others likely
to introduce bias.
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Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to study):

There is evidence that blinding is not an element of study design capable of introducing risk of
bias in the study.

4. Incomplete outcome data

Were incomplete outcome data adequately addressed?
Criteria for a judgment of ‘YES’ (i.e. low risk of bias):

The number of animals assessed for outcome of interest is reported and data is provided
indicating adequate follow up of all treated animals. Additional information provided by authors
should be considered when making risk of bias judgments about incomplete outcome data.
Additionally, any one of the following:
* No missing outcome data; or
* Reasons for missing outcome data unlikely to be related to true outcome (for
survival data, censoring unlikely to be introducing bias); or
* Missing outcome data is provided and is balanced in numbers across intervention
groups, with similar reasons for missing data across groups; or
* For dichotomous outcome data, the proportion of missing outcomes compared
with observed event risk not enough to have a biologically relevant impact on the
intervention effect estimate; or
* For continuous outcome data, plausible effect size (difference in means or
standardized difference in means) among missing outcomes not enough to have a
biologically relevant impact on observed effect size; or
* Missing data have been imputed using appropriate statistical methods.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There is insufficient information about incomplete outcome data to permit a judgment of ‘YES’,
but there is indirect evidence that suggests incomplete outcome data were adequately addressed,
as described by the criteria for a judgment of ‘YES’.

Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

2

There 1s insufficient information about incomplete outcome data to permit a judgment of ‘NO’
but there is indirect evidence that suggests incomplete outcome data was not adequately
addressed, as described by the criteria for a judgment of ‘NO’.
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Criteria for the judgment of ‘NO’ (i.e. high risk of bias):

The number of animals allocated not reported and no data is provided to indicate that there was
adequate follow up of all treated animals. Additionally, any one of the following:
* Reason for missing outcome data likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data across intervention groups; or
e For dichotomous outcome data, the proportion of missing outcomes compared
with observed event risk enough to induce biologically relevant bias in
intervention effect estimate; or
* For continuous outcome data, plausible effect size (difference in means or
standardized difference in means) among missing outcomes enough to induce
biologically relevant bias in observed effect size; or
* ‘“As-treated’ analysis done with substantial departure of the intervention received
from that assigned at randomization; or
e Potentially inappropriate application of simple imputation.

Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to study):

There is evidence that incomplete outcome data is not capable of introducing risk of bias in the
study.

5. Selective outcome reporting
Are reports of the study free of suggestion of selective outcome reporting?
Criteria for a judgment of “YES’ (i.e. low risk of bias):

All of the study’s pre-specified (primary and secondary) outcomes outlined in the methods,
abstract, and/or introduction that are of interest in the review have been reported in the pre-
specified way, including the number of animals analyzed for outcomes of interest. Additional
information provided by authors should be considered when making risk of bias judgments for
selective outcome reporting.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):
There is insufficient information about selective outcome reporting to permit a judgment of
‘YES’, but there is indirect evidence that suggests the study was free of selective reporting, as

described by the criteria for a judgment of ‘YES’.

Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):
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There is insufficient information about selective outcome reporting to permit a judgment of
‘NO’, but there is indirect evidence that suggests the study was not free of selective reporting, as
described by the criteria for a judgment of ‘NO’.

Criteria for the judgment of ‘NO’ (i.e. high risk of bias):

The study was not free of selective reporting. The following should be considered:

e Authors did not report numbers analyzed for outcomes of interest; or

* Not all of the study’s pre-specified primary outcomes (as outlined in the protocol,
title, abstract, and/or introduction) that are of interest in the review have been
reported; or

* One or more primary outcomes is reported using measurements, analysis methods
or subsets of the data (e.g. subscales) that were not pre-specified (unless clear
justification for their reporting is provided, such as an unexpected adverse effect),
or

e One or more reported primary outcomes were not pre-specified (unless clear
justification for their reporting 1s provided, such as an unexpected adverse effect);
or

* One or more outcomes of interest in the review are reported incompletely so that
they cannot be entered in a meta-analysis; or

* The study report fails to include results for a key outcome that would be expected
to have been reported for such a study.

Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to study):

There 1s evidence that selective outcome reporting is not capable of introducing risk of bias in
the study.

6. Other potential threats to validity

Was the study apparently free of other problems that could put it at a risk of bias?

Criteria for a judgment of “YES’ (i.e. low risk of bias):

The study appears to be free of other sources of bias.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There 1s insufficient information to permit a judgment of “YES’, but there is indirect evidence

that suggests the study was free of other threats to validity, as described by the criteria for a
judgment of “YES’.
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Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

There is insufficient information to permit a judgment of ‘NO’, but there is indirect evidence that
suggests the study was not free of other threats to validity, as described by the criteria for a
judgment of ‘NO’.

Criteria for the judgment of *“NO’ (i.e. high risk of bias):

There 1s at least one important risk of bias. For example, the study:

Had a potential source of bias related to the specific study design used,

Stopped early due to some data-dependent process (including a formal-stopping
rule);

Had extreme baseline imbalance (improper control group);

Has been claimed to have been fraudulent;

The conduct of the study 1s affected by interim results (e.g. recruiting additional
animals from a subgroup showing more benefit);

There is deviation from the study protocol in a way that does not reflect typical
practice (e.g. post hoc stepping-up of doses to exaggerated levels);

There is pre-randomization administration of an intervention that could enhance
or diminish the effect of a subsequent, randomized, intervention; inappropriate
administration of an intervention (or co-intervention),

Occurrence of ‘null bias’ due to interventions being insufficiently well delivered
or overly wide inclusion criteria for animals;

An insensitive instrument is used to measure outcomes (which can lead to under-
estimation of both beneficial and harmful effects);

Selective reporting of subgroups;

Had some other problem.

Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to study):

There 1s evidence that other potential threats to validity are not capable of introducing risk of
bias in the study.

7. Conflict of interest

Was the study free of support from a company, study author, or other entity having a financial
interest in any of the treatments studied?

Criteria for a judgment of “YES’ (i.e. low risk of bias):
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The study did not receive support from a company, study author, or other entity having a
financial interest in the outcome of the study. A conflict of interest statement is provided to
indicate the authors have no financial interest and there is evidence of the entities not having a
financial interest. Examples of this evidence include the following:

* Funding source is limited to government, non-profit organizations, or academic
grants funded by government, foundations and/or non-profit organizations;

e Chemicals or other treatment used in study were purchased from a supplier;

* Company affiliated staff are not mentioned in the acknowledgements section;

e  Authors were not employees of a company with a financial interest in the
outcome of the study;

* Company with a financial interest in the outcome of the study was not involved in
the design, conduct, analysis, or reporting of the study and authors had complete
access to the data;

e Study authors make a claim denying conflicts of interest;

* Study authors are unaffiliated with companies with financial interest, and there is
no reason to believe a conflict of interest exists;

»  All study authors are affiliated with a government agency (are prohibited from
involvement in projects for which there 1s a conflict of interest or an appearance
of conflict of interest).

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There is insufficient information to permit a judgment of ‘YES’, for example there is no conflict
of interest statement denying financial interests, but there is evidence that suggests the study was
free of support from a company, study author, or other entity having a financial interest in the
outcome of the study, as described by the criteria for a judgment of “YES’.

Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

There is insufficient information to permit a judgment of ‘NO’, but there is indirect evidence that
suggests the study was not free of support from a company, study author, or other entity having a
financial interest in the outcome of the study, as described by the criteria for a judgment of ‘NO’.

Criteria for the judgment of ‘NO’ (i.e. high risk of bias):

The study received support from a company, study author, or other entity having a financial
interest in the outcome of the study. Examples of support include:
* Research funds;
e Writing services;
e Author/staff from study was employee or otherwise affiliated with company with
financial interest;
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e Company limited author access to the data;
e Company was involved in the design, conduct, analysis, or reporting of the study;
e Study authors claim a conflict of interest.

Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to study):

There is evidence that conflicts of interest are not capable of introducing risk of bias in the study.
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